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PREFACE. 

Scarcely  three  years  ago  it  was  a  comparatively  rare  occur- 
rence in  this  country  to  see  a  self-propelled  vehicle,  or  **auto- 
mobile,"  of  any  description.  To-day  they  are  among  the  most 
familiar  sights;  hundreds  of  firms  are  engaged  in  their  manu- 
facture— ^many  of  them  scarcely  able  to  keep  abreast  of  the 
demand  for  machines — while  in  the  popular  mind  there  is  a 
constantly  increasing  interest  in  the  subject. 

Accompanying  these  phenomena  of  an  industrial  develop- 
ment, very  nearly  unparalleled  in  its  rapid  rise  to  an  approxi- 
mate perfection,  we  find  a  corresponding  desire  for  information 
on  the  construction  and  operation  of  these  new  masterpieces 
of  skill,  which,  so  it  seems,  has  created  a  very  real  demand  for 
just  such  a  treatise  as  the  present  volume. 

In  presenting  this  book  to  the  public,  a  few  words  seem  neces- 
sary, by  way  of  introduction  and  explanation.  In  the  first  place 
the  treatment  of  subjects  throughout  has  been  kept  as  nearly 
as  possible  in  the  lines  popularly  called  "non-technical."  The 
various  theories  and  problems  involved  in  the  construction  and 
operation  of  the  prevailing  types  of  motor  road  carriage  have 
been  stated  as  clearly  and  simply  as  possible,  in  order  that  the 
involved  situations  may  be  readily  comprehended  by  all  readers. 
The  fundamental  principles  of  the  -several  types  of  motor,  par- 
ticularly of  the  gasoline  engine,  which  is  the  least  understood 
of  all,  have  been  treated  at  considerable  length,  in  order  that 
the  facts  may  be  thoroughly  comprehended  in  their  new  relations. 

It  has  been  the  author's  aim  to  state  and  discuss  the  most 
important  points  of  thrs  already  immense  subject,  and  to  treat 
only  of  constructions  that  have  been  proven  thoroughly  practi- 
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cal.  Under  either  head  many  things  that  will,  doubtless,  be  of 
paramount  importance  in  the  near  future  can  only  be  suggested 
at  the  present  time.  ^ 

In  the  preparation  of  this  work  the  author  has  been  ably  as- 
sisted by  several  persons  to  whom  he  desires  to  render  grateful 
acknowledgments.  Mr.  Charles  E.  Duryea,  the  well-known 
pioneer  of  the  automobile  industry  in  America,  has  rendered 
him  very  great  assistance  with  numerous  suggestions  of  value 
and  in  reading  proofs  of  much  of  the  matter  relating  to  gasoline 
engines  and  general  construction.  Mr.  George  Perrott,  M.E.,  has, 
in  a  number  of  instances,  given  him  the  benefit  of  his  vast  ex- 
perience in  mechanical  matters,  contributing  many  points  of  un-  ; 
usual  practical  interest.  Many  of  the  illustrations  were  pre- 
pared, under  the  author's  direction,  by  Messrs.  Francis  S. 
Dixon,  Edwin  P.  Tilley,  and  Edward  StraeflFer,  whose  skill  and 
experience  as  draughtsmen  will  greatly  illuminate  the  accom- 
panying descriptions. 
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SELF-PROPELLED  VEHICLES. 

A  PRACTICAL  TREATISE 


CHAPTER   ONE. 

THE  NAMES  AND  VARIETIES   OF  MOTOR  CARRIAGES. 

Atttomobile*  Locomobile,  or  flotor  Carriage?^ The  wide- 
spread interest  in  the  subject  of  horseless  vehicles  propelled  by 
motors  seems  to  have  determined  that  the  word,  automobile,  shall 
be  permanently  adopted  into  the  English  language.  This  being 
the  case,  it  is  useless  to  attempt  to  change  the  usage  or  propose 
any  other  generic  term  to  describe  a  "self-moving,"  or  motor- 
driven,  carriage.  To  be  exact,  however,  the  word  is  not  properly 
derived,  according  to  the  rules  of  rhetoric,  being  a  compound  of 
the  words,  autos,  self,  and,  mobilis,  moving,  the  first  Greek,  the 
second  Latin.  The  best  authorities  assert  that  all  the  elements  in 
a  compound  word  should  properly  be  derived  from  the  same 
language,  if  it  be  composed  of  words  other  than  English.  Ac- 
cording to  this  rule,  the  word,  "locomobile,"  from  the  words 
locus,  place,  and,  ntobilis,  moving,  both  Latin,  is  undoubtedly  a 
more  correct  term.  But  since  this  word  seems  to  have  been 
preempted  as  the  designation  for  an  excellent  type  of  American 
steam  carriage,  and  it  seems  impossible  to  find  any  other  eupho- 
nious word  with  the  meaning  of  "self-mover,"  there  is  likely  no 
alternative  but  to  submit  to  current  usage,  and  call  the  motor 
carriage  of  any  type,  "automobile.*' 

Special  Desli^nations  for  Motor  Carrias^es.  —  Since  there 
is  a  wide  variety  of  vehicles,  from  the  two-ton  road  wagon  to  the 
motor  bicycle,  to  come  under  the  general  head  of  "automobile,'* 
and  since  this  word  will  soon  have  a  far  more  general  significance 
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than  at  present,  a  number  of  special  designations,  tnany  of  them 
combinations  of  the  word,  "mobile,"  have  been  invented  within 
recent  years.  Thus  it  has  been  widely  proposed  to  call  a  vehicle 
propelled  by  electricity  an  "electromobile,"  which  term  is  in 
actual  use  by  several  manufacturers.    Also  the  word,  "gasmobile," 


Fia.  I.— A  Light  Two-FuseDEer  Phoetan,  propelJed  by  &  OBMlina  Motor. 

is  used  as  the  name  of  at  least  one  make  of  gasoHne  motor  car- 
riage; while  "steamobile"  is  quite  as  widely  known  in  connection 
with  an  excellent  make  of  steam  carriage.  Such  words  as  "auto- 
motor,"  "auto-car,"  "auto-truck,"  "auto-carriage,"  "auto-cycle," 
and  the  hke  are  widely  exploited  by  others,  either  as  general 


Fto.  S.— A  aosollne  Motor  Bicycle. 


terms  or  special  designations.  On  the  other  hand,  when  speak- 
ing of  some  particular  style  of  power-driven  carriage  it  seems  to 
be  the  more  general  usage  to  speak  of  an  "electric  brougham,"  a 
"gasoline  runabout,"  a  "steam  stanhope,"  than  to  use  any  of  the 
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names  mentioned  above.     The  words  "motor  bicycle,"  "motor 
cycle,"  "motor  surrey,"  etc.,  are  also  used. 

The  Common  SenM  Name. — Like  most  other  mooted  ques- 
tions, the  matter  of  names  for  motor  carriages  reduces  itself  to 
one  of  common  sense,  purely.  While  any  of  the  names  given 
above,  and  several  others  also,  may  be  perfectly  correct  rhetori- 
cally or  philologically,  or  be  able  to  influence  usage  sufficiently 


Fio.  8.— ASelf-PropeillugBteam  RoiuJ  Roller  of  Ordinary  Fatteni. 

to  compel  their  ultimate  adoption,  the  development  of  the  motor 
vehicle  industry  in  the  future,  when  the  horse  carriage  will  un- 
doubtedly become  the  exception,  demands  that  some  definite 
idea  be  conveyed  by  each  word  used.  Thus,  when  the  ordinary 
citizen  hears  the  word,  "Locomobile,"  as  applied  to  the  special 


Fio.  4.— A  Two-Ton  Steam  Rood  Wagon,  or  Lorry. 

make  of  steam  carriage  claiming  that  title,  he  at  once  thinks  of 
a  four-wheeled,  steam-driven  vehicle  with  a  "runabout"  body, 
manufactured  by  the  Locomobile  Co.  of  America.  This  fact  the 
manufacturers  themselves  recognize,  when  they  speak  in  their 
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SIXAM    RUNABOUT. 


CLECTBIC   VICTOBIA 


CLCCTRIC  couriL 


CLCCTKIC  *  STANHOre. 


TOURING  CAR. 


STEAM  SURREY. 


ILACING   CAR. 


GASOLINE    VOITUKETTE. 


Fia.  5.— Ei^'ht  Well-known  Typos  of  Self-Propellcd  Roml  Vehiclos. 
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advertisements  and  announcements  of  their  "Loco-surrey," 
which  is  built  to  a  different  design.  Other  ordinary  citizens, 
those  possessing  a  fine  sense  of  discrimination,  wiU  (requently 
attempt  to  explain  to  admiring  auditors  the  difference  between  a 
"locomobile"  and  an  "automobile,"  generally  asserting  that  the 
former  word  means  a  steam  carriage,  and  the  latter  a  gasoline 
carriage.  But,  when  asked  about  the  word  for  an  electric  car- 
riage, they  will  be  quite  at  a  loss,  unless  the  words  "electro- 


Fu.  A.— A  Oompressed  Air  Locomotlre,  sach  u '  la  used  In  EnKUsh  rolneB,  With  ear 
attached. 

mobile"  or  electrobat" — the  latter  is  an  English  contribution 
to  the  growing  vocabulary — have  reached  their  understandings. 
As  a  matter  of  fact,  no  such  distinctions  exist,  either  in  the  words 
themselves  or  in  their  usage,  and  attempts  to  discuss  the  point 
merely  waste  time.  At  the  present  stage  of  the  industry  the  name 
of  the  firm  or  corporation  manufacturing  motor  carriages  is  of 
interest  to  the  public,  just  as  was  the  case  formerly  with  sewing 
machines  and  bicycles.  The  time  will  undoubtedly  come  when 
none  but  experts  will  discriminate  particularly  between  the  several 
efficient  makes  of  carriage,  any  more  than  the  average  man  now 
stops  to  remark  that  his  horse  carriage  is  a  Brewster,  a  Bailey, 
a  Miller,  or  any  other  special  make,  being  perfectly  satisfied  if  it 
runs  with  small  care  and  light  wear.  The  time  will  also  probably 
come  when  we  shall  speak  of  steam  surreys,  gasoline  runabouts, 
electric  phaetons,  etc.,  etc.,  leaving  the  name  of  the  maker  as  the 
answer  to  a  possible  question,  and  omitting  altogether  any  re- 
marks  tinged   with   "auto."   "loco,"   "mobile"    or   "bat."    The 
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broadest  terms,  therefore,  will  be  undoubtedly  "motor  carriage," 
"motor  wagon,"  or  "motor  cycle,"  the  specific  information  being 
given  by  telling  the  kind  of  carriage,  wagon  or  cycle,  and  the 
kind  of  motor.  For  when  we  use  the  word  "automobile,"  we 
have  a  word  that  does  not  necessarily  include  the  others.  It  is  a 
term  precisely  like  "locomotive" — indeed,  we  must  not  forget 
the  fact  that  an  automobile  is  properly  a  kind  of  locomotive — and, 
while  we  actually  speak  of  "steam  locomotives,"  "electric  loco- 


Fio.  7.— A  Common  Type  of  ElRh; 


Fio.  8.— A  Ten-wheeled  Freight  LocomollTe. 

motives,"  or  "compressed  air  locomotives,"  we  must  specify  fur- 
ther in  order  to  tell  whether  it  be  for  passenger,  freight  or  switch- 
ing service,  or  whether  it  be  a  four-wheeler,  a  "pony,"  a 
"dummy,"  a  "decapod,"  or  info  what  class  it  falls,  according  to 
its  use  or  design.  "Automobile,"  therefore,  merely  designates 
a  conveyance  which  neither  runs  on  a  railroad  track,  nor  yet  is 
drawn  by  a  horse.  The  only  warrant  it  has  for  a  place  in  the  lan- 
guage is  in  Ihe  fact  that  the  prevailing  form  of  vehicle  on  ordi- 
nary roadways  is  horse-drawn,  and  not  motor-driven.  What 
term  will  we  use  when  the  situation  is  reversed?  Surely,  it  will 
be  some  analogy  to  the  present  usage,  wherein  we  speak  of 
seeing  a  friend  driving  his  bay  mare  to  his  top  buggy,  or  giving 
his  family  an  outing  in  his  surrev  and  grey  team.  For  by  one 
word  we  indicate  the  style  of  vehicle,  and  by  the  other,  the  mo- 
tive-power employed. 


CHAPTER   TWO. 

A   BRIEF   HISTORY   OF   SELF-PROPELLED   ROAD   VEHICLES. 

Requirements  for  a  Successful  flotor  Carriage. — Even 
before  the  days  of  successful  railroad  locomotives  several  in- 
ventors had  proposed  to  themselves  the  problem  of  a  steam- 
propelled  road  wagon,  and  actually  made  attempts  to  build  ma- 
chines to  embody  their  designs.  In  1769  Nicholas  Joseph 
Cugnot,  a  captain  in  the  French  army,  constructed  a  three- 
wheeled  wagon,  having  the  boiler  and  engine  overhanging,  and 
to  be  turned  with  the  forward  wheel,  and  propelled  by  a  pair  of 
single-acting  cylinders,  which  worked  on  ratchets  geared  to  the 
axle  shaft.  It  was  immensely  heavy,  awkward  and  unmanageable, 
but  sitcceeded  in  making  the  rather  unexpected  record  of  two  and 
a  half  miles  per  hour,  over  the  wretched  roads  of  that  day,  despite 
the  fact  that  it  must  stop  every  few  hundred  feet  to  steam  up.  Later 
attempts  in  the  same  direction  introduced  several  of  the  essential 
mot«r  vehicle  parts  used  at  the  present  day,  and  with  commen- 
surately  good  results.  But  the  really  practical  road  carriage  can- 
not be  said  to  have  existed  until  inventors  grasped  the  idea  that 
the  fuel  for  the  engines  must  be  something  other  than  coal,  and 
that,  so  far  as  the  boilers  and  driving  gears  are  concerned,  the 
minimum  of  lightness  and  compactness  must  somehow  be  com- 
bined with  the  maximum  of  power  and  speed.  This  seems  a  very 
simple  problem,  but  we  must  recollect  that  even  the  simplest 
results  are  often  the  hardest  to  attain.  Just  as  the  art  of  printing 
dates  from  the  invention  of  an  inexpensive  method  of  making 
paper,  so  light  vehicle  motors  were  first  made  possible  by  the 
successful  production  of  liquid  or  volatile  fuels. 

In  addition  to  this,  as  we  shall  presently  understand,  immense 

contributions  to  the  present  successful  issue  have  been  made  by 
pneumatic  tires,  stud  steering  axles  and  balance  gears,  none  of 
which  were  used  in  the  motor  carriages  of  sixty  and  eighty  years 
ago.  So  that,  we  may  confidently  insist,  although  many  thought- 
less persons  still  assert  that  the  motor  carriage  industry  is  in  its 
infancy,  and  its  results  tentative,  we  have  already  most  of  the 
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elements  of  the  perfect  machine,  and  approximations  of  the  re- 
mainder. At  the  present  time  the  problem  is  not  on  what  ma- 
chine can  do  the  required  work,  but  which  one  can  do  it  best. 

A  Brief  Review  of  Motor  Carriage  History. — As  might  be 
readily  surmised,  the  earliest  motor  vehicles  were  those  propelled 
by  steam  engines,  the  first  attempt,  that  of  Capt.  Cugnot,  dating, 
as  we  have  seen,  from  1769-70.  In  the  early  years  of  the  nine- 
teenth century,  and  until  about  1840-45,  a  large  number  of  steam 


carriages  and  stage  coaches  were  designed  and  built  in  England, 
some  of  them  enjoying  considerable  success  and  bringing  profit 
to  their  owners.  At  about  the  close  of  this  period,  however,  strict 
laws  regarding  the  reservation  of  highways  to  horse -vehicles  put 
an  effectual  stop  to  the  further  progress  of  an  industry  that  was 
already  well  on  its  way  to  perfection,  and  for  over  forty  years 
little  was  done,  either  in  Europe  or  America,  beyond  improving 
the  type  of  farm  tractors  and  steam  road  rollers,  with  one  or  two 
sporadic  attempts  to  introduce  self-propelling  steam  fire  engines. 
During  the  whole  of  this  period  the  light  steam  road  carriage 
existed  only  as  a  pet  hobby  of  ambitious  inventors,  or  as  a  curi- 
osity for  exhibition  purposes.  Curiously  enough,  while  the 
progress  of  railroad  locomotion  was,  in  the  meantime,  rapid  and 
brilliant,  the  re-awakening  of  the  motor  carriage  idea  and  in- 
dustry, about  1885-89.  was  really  the  birth  of  a  new  science  of 
constructions,  very  few  of  the  features  of  former  carriages  being 
then  adopted.  Tn  188!;  Gottlieb  Daimler  patented  his  high-speed 
gas  or  mineral  spirit  engine,  the  parent  and  prototype  of  the  wide 
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variety  of  explosive  vehicle  motors  since  produced,  and,  in  the 
same  year,  Carl  Benz,  of  Mannheim,  constructed  and  patented 
his  first  gasoline  tricycles.  The  next  period  of  progress,  in  the 
years  immediately  succeeding,  saw  the  ascendency  of  French 
engineers,  Peugeot,  Panhard,  Dc  Dion  and  Mors,  whose 
names,  next  to  that  of  Daimler  himself,  have  become  common- 
places with  all  who  speak  of  motor  carriages.  In  1889  Leon 
SerpoUet,  of  Paris,  invented  his  famous  instantaneous,  or  "flash," 
generator,  which  was,  fairly  enough,  the  most  potent  agent  in 
restoring  the  steam  engine  to  consideration  as  means  of  motor 


Pis.  10.— Rlebard  Trevithick's  Steam  Road  Corriue  (leOE).  The  centre-plToted  front 
axle  Is  &bc-jt  half  the  length  of  tbe  rear  axle.  The  cylinder  la  flxed  in  tbe  centre  of 
Ihe  boiler.    Tbe  engine  has  a  llr-wheel  and  npur  gi.'ar  coniiccIloiiB  to  the  ilrlie  axle. 

carriage  propulsion.  Although  it  has  not  become  the  prevailing 
type  of  steam  generator  for  this  purpose,  it  did  much  to  turn  the 
attention  of  engineers  to  the  work  of  designing  high-power, 
quick -steaming,  small-sized  boilers,  which  have  been  brought  to 
such  high  efficiency,  particularly  in  the  United  States,  With 
perfected  steam  generators  came  also  the  various  forms  of  liquid 
or  gas  fuel  burners.  The  successful  electric  carriage  dates  from 
a  few  years  later  than  either  of  the  others,  making  its  appearance 
as  a  practical  permanency  about  1S93-94. 

Trevithlck'4  Steam  Carriage. — In  reviewing  the  history  of 
motor  road  vehicles  we  will  discover  the  fact  that  the  attempts 
which  were  never  more  than  plans  on  paper,  working  models,  or 
downright  failures  are  greatly  in  excess  of  the  ones  even  half- 
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way  practical.  From  within  a  few  years  after  Cugnot's  notable 
attempt  and  failure,  many  inventors  in  England,  France  and 
America  appeared  as  sponsors  for  some  kind  of  a  steam  road  car- 
riage, and  as  invariably  contributed  little  to  the  practical  solution 
of  the  problem.  In  1802  Richard  Trevithick,  an  engineer  of  abil- 
ity, subsequently  active  in  the  work  of  developing  railroad  cars 
and  locomotives,  built  a  steam-propelled  road  carriage,  which, 
if  we  may  judge  from  the  drawings  and  plans  still  extant,  was 
altogether  unique,  both  in  design  and  operation.  The  body  was 
supported  fully  six  feet  from  the  ground,  above  rear  driving 
wheels  of  from  eight  to  ten  feet  in  diameter,  which,  turning  loose 
on  the  axle  trees,  were  propelled  by  spur  gears  secured  to  the 
hubs.  The  cylinder  placed  in  the  centre  of  the  boiler  turned  its 
crank  on  the  counter-shaft,  just  forward  of  the  axle,  and  imparted 
its  motion  through  a  second  pair  of  spur  gears,  meshing  with 
those  attached  to  the  wheel  hubs.  The  steering  was  by  the  for- 
ward wheels,  whose  axle  was  about  half  the  width  of  the  vehicle, 
and  centre-pivoted,  so  as  to  be  actuated  by  a  hand  lever  rising 
in  front  of  the  driver's  seat.  This  difference  in  the  length  of  the 
two  axles  was  probably  a  great  advantage  to  positive  steering 
qualities,  even  in  the  absence  of  any  kind  of  compensating  device 
on  the  drive  shaft.  The  carriage  was  a  failure,  however,  owing 
to  lack  of  financial  support,  as  is  alleged,  and,  after  a  few  trial 
runs  about  London,  was  finally  dismantled. 

Qurney's  Coaches. — The  Golden  Age  of  steam  coaches  ex- 
tended from  the  early  twenties  of  the  nineteenth  century  for  about 
twenty  years.  During  this  period  much  was  done  to  demonstrate 
the  practicability  of  steam  road  carriages,  which  for  a  time 
seemed  promising  rivals  to  the  budding  railroad  industry.  Con- 
siderable capital  was  invested  and  a  number  of  carriages  were 
built,  which  actually  carried  thousands  of  passengers  over  the  old 
stage-coach  roads,  until  adverse  legislation  set  an  abrupt  period 
to  further  extension  of  the  enterprise.  Among  the  names  made 
prominent  in  these  years  is  that  of  Goldsworthy  Gurney,  who,  in 
association  with  a  certain  Sir  Charles  Dance,  also  an  engineer, 
constructed  several  coaches,  which  enjoyed  a  brief  though  suc- 
cessful career.  His  boiler,  like  those  then  used  in  the  majority 
of  carriages,  was  of  the  water-tube  variety,  and  in  many  respects 
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closely  resembled  some  of  the  most  successful  styles  made  at  the 
present  day.  It  consisted  of  two  parallel  horizontal  cylindrical 
drums,  set  one  above  the  other  in  the  width  of  the  carriage,  sur- 
mounted by  a  third,  a  separator  tube,  and  connected  together 
by  a  number  of  tubes,  each  shaped  like  the  letter  U  laid  on  its 
side,  and  also,  directly,  by  several  vertical  tubes.  The  fire  was 
applied  to  the  lower  sides  of  the  bent  tubes,  under  forced  draught, 
thus  creating  a  circulation,  but,  on  account  of  the  small  heating 
surface,  the  boiler  was  largely  a  failure.     Mr.  Dance  did  mucli 


WAE^r  tube  boLLpr,  directly  geared  cylladers  anil  peg-rtxl  drlvlpg  *heel. 

to  remedy  the  defects  of  Gumey's  boiler  with  a  water-tube  gen- 
erator, designed  by  himself,  in  which  the  triple  rows  of  parallel 
U-tubes  were  replaced  by  a  number  of  similarly-shaped  tubes 
connected  around  a  common  circumference  by  elbow  joints,  and 
surmounted  by  dry  steam  tubes,  thus  affording  a  much  larger 
heating  surface  for  the  fire  kindled  above  the  lower  sides  of  the 
bent  tubes,  Gumey's  engine  consisted  of  two  parallel  cylinders, 
fixed  in  the  length  of  the  carriage  and  operating  cranks  on  the 
revolving  rear  axle  shaft.  The  wheels  turned  loose  on  the  axles, 
and  were  driven  by.double  arms  extending  in  both  directions 
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from  the  axle  to  the  felloe  of  the  wheel,  where  they  engaged  suit- 
ably arranged  bolts,  or  plugs.  On  level  roadways  only  one  wheel 
was  driven,  in  order  to  allow  of  turning,  but  in  ascending  hills 
both  were  geared  to  the  motor,  thus  giving  full  power.  In  Gur- 
ney's  later  coaches  and  tractors  the  steering  was  by  a  sector. 


ITiai.  lS-13.— Improved  Boilan  (Or  Ourner  Ooaches  :  the  flnt  by  Sumniera  &  Ogle ;  the 
aecond  b)'  ilaceronl  &.  Squire, 

with  its  centre  on  the  pivot  of  the  swinging  axle  shaft  and  oper- 
ated by  a  gear  wheel  at  the  end  of  the  revolving  steering  post.  In 
one  of  his  earliest  carriages  he  attempted  the  result  with  an  extra 
wheel  forward  of  the  body  and  the  four-wheel  running  frame, 
the  swinging  forward  axle  being  omitted,  but  this  arrangement 
speedily  proving  useless,  was  abandoned. 

Improvements  on  Qumey's  Coaches. — Several  other  builders, 
notably  Maceroni  and  Squire,  and  Summers  and  Ogle,  adopted 
the  general  plans  of  Gurney's  coaches  and  driving  gear,  but 
added  improvements  of  their  own  in  the  construction  of  the 
boilers  and  running  gear.  The  former  partners  used  a  water- 
tube  boiler  consisting  of  eighty  vertical  tubes,  all  but  eighteen 
of  which  were  connected  at  top  and  bottom  by  elbows  or  stay- 
tubes,  the  others  being  extended  so  as  to  communicate  with  a 
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central  vertical  steam  drum.  Summers  and  Ogle's  boiler  con- 
sisted of  thirty  combined  water  tubes  and  smoke  flues,  fitting 
into  square  plan,  flat  vertical-axis  drums  at  top  and  bottom.  Into 
each  of  these  drums — the  one  for  water,  the  other  for  steam — the 
water  tubes  opened,  while  through  the  top  and  bottom  plates, 
through  the  length  of  the  water-tubes,  ran  the  contained  smoke 
flues,  leading  the  products  of  combustion  upward  from  the  fur- 
nace. The  advantage  of  this  construction 'was  that  considerable 
water  could  be  thus  heated,  under  draught,  in  small  tube  sec- 
tions, while  the  full  effect  of  250  square  feet  of  heating  surface 
was  realized.  With  both  these  boilers  exceedingly  good  results 
were  obtained,  both  in  efficiency  and  in  small  cost  of  operation. 
Indeed,  the  reasonable  cost  of  running  these  old-time  steam  car- 
riages is  surprising.  It  has  been  stated  that  Gurney  and  Dance's 
coaches  required  on  an  average  about  4d.  (eight  cents)  per  mile 
for  fuel  coke,  while  the  coaches  built  by  Maceroni  and  Squire 
often  averaged  as  low  as  3d.  (six  cents).  The  average  weight  of 
the  eight  and  ten-passenger  coaches  was  nearly  5,000  pounds, 
their  speed,  between  ten  and  thirty  miles,  and  the  steam  pressure 
used  about  200  pounds. 

Hancock's  Coaches. — By  all  odds  the  most  brilliant  record 
among  the  early  builders  of  steam  road  carriages  is  that  of  Walter 
Hancock,  who,  between  the  years  1828  and  1838,  built  nine  car- 
riages, six  of  them  having  seen  actual  use  in  the  work  of  carrying 
passengers.  His  first  effort,  a  three-wheeled  phaeton,  was  driven 
by  a  pair  of  oscillating  cylinders  geared  direct  to  the  front  wheel, 
and  being  turned  on  the  frame  with  it  in  steering.  Having 
learned  by  actual  experiment  the  faults  of  this  construction,  he 
adopted  the  most  approved  practice  of  driving  on  the  rear  axle, 
and  in  his  first  passenger  coach,  "The  Infant,"  he  attached  his 
oscillating  cylinder  j^t  the  rear  of  the  frame,  and  transmitted  the 
power  by  an  ordinary  flat-link  chain  to  the  rotating  axle.  He 
was  the  first  to  use  the  chain  transmission,  now  practically  uni- 
versal. As  he  seems  to  have  been  a  person  who  readily  learned 
by  experience,  he  soon  saw  that  the  exposure  of  his  engines  to 
dust  and  other  abradents  was  a  great  source  of  wear  and  disable- 
ment; consequently  in  his  second  coach,  "Infant  No.  2,"  he  sup- 
planted the  oscillating  cylinder  hung  outside  by  a  slide-valve 
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cylinder  and  crank  disposed  within  the  rear  of  the  coach  body 
above  the  floor.  In  this  and  subsequent  carriages  he  used  the 
chain  drive,  also  operating  the  boiler  feed  pump  from  the  cross- 
head,  as  in  most  steam  carriages  at  the  present  day. 

Hancock's  boiler  was  certainly  the  most  interesting  feature  of 
his  carriages,  both  in  point  of  original  conception  and  efficiency 
in  steaming.  It  was  composed  of  a  number  of  flat  chambers — 
"water  bags'*  they  were  called — laid  side  by  side  and  intercom- 
municating with  a  water  drum  at  the  base  and  steam  drum  at 
the  top.  Each  of  these  chambers  was  constructed  from  a  flat 
sheet  of  metal,  hammered  into  the  required  shape  and  flanged 
along  the  edges,  and,  being  folded  together  at  the  middle  point, 
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Fia.  14.— Part  section  of  one  of  Hancock^s  Coaches,  showing  Engine  and  Driving  Connec- 
tions. A  is  the  exhaust  pipe  leading  steam  against  the  screen,  C^  thence  up  the  Hue, 
D,  along  with  smoko  and  gases  from  the  grate,  B.    E  is  the  boiler;  H  tlie  out-take 

f)ipe;  K  tlie  engine  cylinder  and,  J,  tlie  water-feed  pump;  G  is  a  rotary  fan  for  produc- 
ng  a  forced  draught,  and  F  the  due  leading  it  to  the  grate. 

the  two  halves  were  securely  riveted  together  through  the 
flanged  edge.  The  faces  of  each  plate  carried  regularly  disposed 
hemispherical  cavities  or  bosses,  which  were  in  contact  when  the 
plates  were  laid  together,  thus  preserving  the  distances  between 
them  and  allowing  space  for  the  gases  of  combustion  to  pass  over 
an  extended  heating  surface.  The  high  quality  of  this  style  of 
generator  may  be  understood  when  we  learn  that,  with  eleven 
such  chambers  or  "water  bags,"  30  x  20  inches  x  2  inches  in 
thickness  and  89  square  feet  of  heating  surface  to  6  square  feet 
of  grate,  one  effective  horse-power  to  every  five  square  feet  was 


MOTOR    VEHICLE  HISTORY.  15 

realized,  which  gives  us  about  eighteen  effective  horse-power 
for  a  generator  occupying  about  1 1  .i  cubic  feet  of  space,  or  30  x 
20  X  32  inches. 

The  operation  of  the  Hancock  boiler  is  interesting.  The  most 
approved  construction  was  to  place  the  grate  slightly  to  the  rear 
of  the  boiler's  centre,  and  the  fuel,  coke,  was  burnt  under  forced 
draught  from  a  rotary  fan.  The  exhaust  steam  was  forced  into 
the  space  below  the  boiler,  where  a  good  part  of  it,  passing 
through  a  finely  perforated  screen,  was  transformed  into  water 
gas,  greatly  to  the  benefit  of  perfect  combustion. 


As  early  as  1830  Hancock  devised  the  "wedge"  wheels,  since 
so  widely  adopted  as  models  of  construction.  As  shown  in  the 
accompanying  diagram,  his  spokes  were  formed,  each  with  a 
blunt  wedge  at  its  end,  tapering  on  two  radii  from  the  nave  of  the 
wheel;  so  that,  when  laid  together,  the  shape  of  the  complete 
wheel  was  found.  The  blunt  ends  of  these  juxtaposfd  wedges 
rested  upon  the  periphery  of  the  axle  box.  wliich  carried  a  flange. 
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or  vertical  disk,  forged  in  one  piece  with  it,  so  as  to  rest  on  the 
inside  face  of  the  wheel.  This  flange  was  pierced  at  intervals  to 
hold  holts,  each  penetrating  one  of  the  spokes,  and  forming  the 
"hub"  with  a  plate  of  corresponding  diameter  nutted  upon  the 
outer  face  of  thewheel.  Thethrough  axle  shaft,  formed  in  one  piece 
and  rotatable,  carried  secured  to  its  extremities,  when  the  wheel 
was  set  in  place,  two  triangular  lugs,  oppositely  disposed  and 
formed  on  radii  from  the  nave.    The  outer  hub-plate  carried 


similarly  shaped  and  disposed  lugs,  and  the  driving  was  eflfected 
by  the  former  pair,  turning  with  the  axle  spindle,  engaging  the 
latter  pair,  thus  combining  the  advantages  of  a  loose-turning 
wheel  and  a  rotating  axle.  Through  nearly  half  of  a  revolution  also 
the  wheel  was  free  to  act  as  a  pivot  in  turning  the  wagon,  thus 
obtaining  the  same  effect  as  with  Gumey's  arm  and  pin  drive 
wheels.  The  prime  advantage,  however,  was  that  the  torsional 
strain  was  evenly  distributed  through  the  entire  structure  by 
virtue  of  the  contact  of  the  spoke  extremities. 
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Other  Notable  Coaches. — According  to  several  authorities, 
only  Gumey,  Hancock  and  J.  Scott  Russell  built  coaches  that 
saw  even  short  service  as  paying  passenger  conveyances — one  of 
the  latter's  coaches  was  operated  occasionally  until  about  1857. 
There  were,  however,  numerous  attempts  and  experimental  struc- 
tures, all  more  or  less  successful,  which  deserve  passing  mention 
as  embodying  some  one  or  another  feature  that  has  become  a 
permanence  in  motor  road  carnages  or  devices  suggestive  of  such 
features.  A  coach  built  by  a  man  named  James,  about  1829,  was 
the  first  on  record  to  embody  a  really  mechanical  device  (or  al- 


Fio.  18.— June*'  Onwb  (18^,  the  "  Ont  really  practical  steam  carriage  built."    Drawo 
(rom  an  old  wood  cut. 

lowing  differential  action  of  the  rear,  or  driving,  wheels.  Instead 
of  driving  on  but  one  wheel,  as  did  Gumey,  or  using  clutches, 
like  some  others,  he  used  separate  axles  and  four  cylinders,  two 
for  each  wheel,  thus  permitting  them  to  be  driven  at  different 
speeds.  This  one  feature  entitles  his  coach  to  description  as  the 
"first  really  practical  steam  carriage  built."  Most  of  the  others, 
if  the  extant  details  are  at  all  correct,  must  have  been,  except  on 
straight  roads,  exceedingly  unsatisfactory  machines  at  best.  Ac- 
cording to  the  best  informa'ion  on  the  subject,  a  certain  Hills, 
of  Deptford,  was  the  first  to  design  and  use  on  a  carriage,  in  1843, 
the  compensating  balance  gear,  or  "jack  in  the  box,"  as  it  was 
then  called,  which  has  since  come  into  universal  use  on  motor 
vehicles  of  all  descriptions.  As  for  rubber  tires,  although  a 
certain  Thompson  is  credited  with  devising  some  sort  of  inflat- 
able device  of  this  description  about  1840-45,  there  seems  to  have 


18  SELFFKOPELLED   VEHICLES. 

been  little  done  in  the  way  of  providing  a  springy,  or  resilient, 
support  for  the  wheels.  We  have,  however,  some  suggestion  of 
an  attempt  at  spring  wheels  on  Church's  coach,  which  was  built 
in  1833.  According  to  an  article  in  the  Mechanics'  Magasine  for 
January,  1834,  which  gives  the  view  of  this  conveyance,  herewith 
reproduced,  "The  spokes  of  the  wheels  are  so  constructed  as  to 
operate  like  springs  to  the  whole  machine — that  is,  to  give  and 
take  according  to  the  inequalities  of  the  road."  tn  other  respects 
the  vehicle  seems  to  have  been  fully  up  to  the  times,  but,  judg- 
ing from  its  size  and  passenger  capacity,  as  shown  in  the  cut, 
it  is  reasonable  to  suppose  that  the  use  of  spring  wheels  was  no 
superfluous  ornamentation.  If  we  may  judge  further  from  the 
cut,  the  wheels  had  very  broad  tires,  thus  furnishing  another  ele- 
ment in  the  direction  of  easy  nding  on  rough  roads. 


CHAPTER  THREE. 

HOW  A  MOTOR  CARRIAGE  TURNS. 

Modern  M<ltor  Vehicles.  —  Like  other  achievements  of 
modem  science  and  industry,  the  motor  vehicle  is  the  resultant 
of  a  long  series  of  brilliant  inventions  and  improvements  in 
several  directions.  Successful  motor  carriages,  as  now  con- 
structed, are  of  three  varieties,  according  to  the  motive  power 
employed:  those  propelled  by  steam;  those  propelled  by  ex- 
plosive motors,  gas  or  oil  engines ;  those  propelled  by  electricity. 
Considerable  has  also  been  done  in  the  direction  of  producing 
efficient  compressed  air  motors,  which  have  been  actually  applied 
to  the  propulsion  of  heavy  road  wagons  and  street  railway  cars, 
but  for  light  carriage  service  small  results  have  thus  far  been  at- 
tained. Some  inventors  have  expended  their  energies  in  other 
directions,  and  several  patents  have  been  granted  in  the  United 
States  for  coiled  spring  and  clockwork  motors,  and  even  for 
carriages  carrying  masts  and  sails.  We  are  not  concerned,  how- 
ever, with  such  eccentric  devices;  the  aim  of  this  book  being 
merely  the  discussion  and  explanation  of  successful,  practical 
methods  actually  applied  in  the  construction  and  operation  of 
light  motor  carriages. 

Conditions    of   Automobile   Construction. — In  one  way  the 

automobile  has  a  history  very  like  that  of  the  railway  carriage. 
At  the  first  inception  both  were  devised  as  suitable  substitutes 
for  the  horse-drawn  vehicle,  and,  as  a  consequence,  began  by 
following  certain  traditions  of  construction,  which  have  proved 
very  like  hindrances  to  progress.  The  first  railway  passenger 
coaches  were  no  more  nor  less  than  ordinary  road  wagons,  several 
being  coupled  together,  so  as  to  be  drawn  along  a  grooved  tram- 
way. Later,  with  the  introduction  of  flanged  wheels  and  heavier 
constructions,  a  number  of  carriage  bodies  were  mounted  on  the 
same  running  trucks,  which  gave  the  familiar  compartment 
coaches  with  vis-a-vis  seats,  still  used  in  England  and  most  of  the 
countries  of  Continental   Europe.     Only  when  the  theory   of 
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railway  car  construction  departed  entirely  from  the  models  and 
traditions  of  road  wagons  in  the  invention  and  adoption  of  the 
American  passenger  coach,  did  the  day  of  real  progress  and  com- 
fortable travel  begin.  In  similar  fashion,  it  may  be  safely  as- 
serted, many  of  the  greatest  constructional  problems  of  auto- 
mobiles are  to  be  traced  to  the  tradition  of  building  motor  car- 
riages as  nearly  like  horse-drawn  vehicles  as  possible.  It  seems 
that  the  most  popular  designs  of  such  vehicles  are  those  which 
appear  to  be  horse-carriages  in  all  respects  except  that  they  lack 
the  ordinary  shafts  or  poles  for  hitching  the  horses.    These 


laUroad  Train  (ISM),  atiowliis  |id 
simply  VratuTormed  rood  Btagea. 

Structural  problems  are,  however,  real  problems,  and  with  both 
railway  coaches  and  automobiles  the  adoption  of  traditional 
models  has  been  only  the  following  of  the  best  available  designs. 

Problems  In  AutomoUle  Construction. —  In  a  horse-drawn 
vehicle  the  tractive  power,  the  harnessed  horse,  is  applied  at  the 
front  and  is  separate  from  the  carriage  or  wagon  itself.  There- 
fore, the  only  thing  needful  is  to  so  construct  the  frame  and  run- 
nit^  gear  as  to  offer  the  smallest  resistance  either  in  straight- 
ahead  travel  or  turning.  As  is  well  known,  each  running  wheel 
of  a  horse  carriage  is  made  with  a  pierced  hub  and  hollow  axle 
box  or  bearing,  so  as  to  be  slipped  over  the  end  of  the  axle-bar 
and  secured  in  place  by  a  nut.  The  axle-bar  of  the  rear  whee's  is 
continuous  and  rigid  with  the  frame,  being  attached  to  the  springs 
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supporting  the  body.  The  axle-bar  of  the  forward  wheels  is  also 
continuous  from  side  to  side,  but,  instead  of  being  bolted  to  the 
rest  of  the  frame,  is  geared  to  a  structure  commonly  called  the 
"fifth  wheel,"  a  horizontal  flat  wheel  or  "circle  iron,"  secured  to 
the  base  of  the  forward  spring,  and  sliding  on  another  similar 
segment  on  the  top  of  the  axletree ;  the  two  being  pivot-bolted  at 
the  centre,  so  as  to  allow  the  forward  wheels  to  "cut  under"  the 
vehicle,  and  turn  the  wagon  on  any  radius  its  length  and  weight 
will  permit.  Were  it  practicable  in  all  cases  to  apply  the  motive 
power  to  the  pivoted-axle  forward  wheels,  this  same  plan  of  con- 
struction would  be  as  good  for  automobiles  as  for  horse  carriages. 


Pro.  so.— A  Hechanici 

form  of  horse^lrawn  irt 

rear  wheel*  uod  drlTcs  on  the  forward  pair. 

But  such  a  thing  is  impossible  unless  we  employ  either  a  separate 
motor  truck — a  mechanical  horse,  in  fact — or  some  yet  undis- 
covered method  of  power-transmission  gear.  This  is  the  first 
constructional  problem,  and  a  moment's  serious  reflection  will 
reveal  the  involved  difficulties. 

Imitatioiis  of  Horse  Traction. -~  Curiously  enough,  in  the 
very  first  road  locomotive  ever  made — that  of  Nicholas  Cugnot — 
a  desperate  attempt  was  made  to  meet  and  solve  the  difficulty  of 

combining  power- tract  ion  with  free  turning  attachments.  As 
we  have  learned.  Captain  Cugnot  employed  a  single  pivoted 
forward  wheel,  which  was  geared  rigid  to  one  frame  with  his 
engine  and  boiler,  the  whole  motor-structure  turning  with  every 
effort  to  steer  the  wagon  around   a    comer.      He   saw   readily 


22  SELF-PROPELLED    VEHICLES, 

enough  that  to  attach  the  boiler  to  the  frame  of  the  carriage 
would  involve  the  difficulties  and  complications  incident  on  tele- 
scopic, or  extensile,  steam  connections  between  boiler  and  engine, 
which  would,  likely,  have  caused  serious  trouble.  He  adopted, 
therefore,  the  readiest  expedient.  His  wagon  worked  very  well 
on  a  straight  road,  but  developed  the  disagreeable  qualities  of 
"ending  up"  at  every  comer,  and  of  refusing  to  "obey  its  helm" 
whenever  a  stone  wall,  or  other  obstruction,  made  a  collision  con- 
venient. Had  he  slung  his  boiler  at  the  rear  of  the  forward  wheel, 
on  the  floor  of  the  wagon,  he  might  have  overcome  the  tendency 
to  "top-heaviness"  and  solved  the  problem  of  motor  road  traction 
a  century  sooner. 

Present  -  Day  Construction.  —  Practically  all  present-day 
motor  carriages  have  the  power  applied  to  the  rear  wheels,  doing 
the  steering  with  the  forward  pair.  This  plan,  of  course,  involves 
several  serious  problems,  the  foremost  of  which  is  as  to  how  a 
carriage  can  turn  a  corner,  long  or  short,  with  both  wheels 
moving  at  the  same  rate  of  speed.  If  anyone  will  observe  the  rear 
wheels  of  a  carriage  in  the  act  of  turning,  he  will  see  that  the  one, 
the  pivot  wheel,  does  not  revolve  or  revolves  very  slowly,  as  the 
radius  of  the  described  arc  be  shorter  or  longer;  while  the 
other  wheel  carries  the  vehicle  around  with  it.  Now,  if  the 
power  is  to  be  applied  to  the  wheels,  either  by  chain  and  sprocket, 
by  spur  gears  or  by  a  crank,  either  one  of  six  devices  must  be 
adopted :  (i)  The  power  may  be  applied  equally  to  both  wheels, 
as  in  railway  locomotives,  in  which  case  only  turns  of  very  long 
radius  could  be  made.  This  is  the  reason  why  the  curves  of 
railroads  are  seldom  made  on  a  radius  of  less  than  three-eighths 
of  a  mile  (1,980  feet),  although,  since  the  steel  rails  offer  im- 
mensely less  resistance  to  the  wheels  than  an  ordinary  road  bed, 
often  allowing  the  drivers  to  revolve  without  progressing,  there 
is  much  smaller  need  of  devices  for  equalizing  or  compensating 
the  motions  of  the  pairs.  If,  then,  an  automobile  can  always  have 
a  ten-acre  lot  or  a  200-foot  road  to  turn  in,  it  may  be  able  to  drive 
on  the  locomotive  plan:  under  ordinary  conditions  it  must 
speedily  smash  something  and  come  to  grief.  (2)  The  motive 
power  may  be  applied  to  one  wheel  of  a  pair  and  not  to  the  other, 
either  or  both  turning  loose  on  the  axles.    But  such  a  plan  would 


HUH'  A   MOTOR   CARRIAGE   TURNS.  2a 

not  only  give  the  carriage  a  constant  tendency  to  "lurch,"  render- 
ing forward  movement  exceedingly  difficult,  but  it  would  allow 
burning  in  only  one  direction,  except  on  extremely  long  curves. 
(3)  There  may  be  two  separate  motors,  one  for  each  wheel,  both 
capable  of  being  controlled  with  the  steering  apparatus.  Such 
a  plan  has  been  put  into  actual  practice  by  several  manufacturers 
of  electrical  vehicles,  who  gear  their  motors  to  the  wheels,  or  use 
the  hub  to  support  either  the  armature  or  field  magnets,  as  the 
case  may  be.  One  maker  of  American  steam  carriages  has 
adopted  a  similar  construction,  connecting  several  small  cylinders 


Fio.  n.— Bergman's  Bt«atD  Uotor  WhL-el.    A  number  of  bI^bdi  cylioden  an  arranged 
mthlDtbeboUawliubortlie  wliccl.  aoastoactonacomnuHicrankoDtbe  axle.   The 

direct  to  each  wheel  hub.  The  plan  has  its  advantages,  but  is  by 
no  means  as  simple,  accessible  and  sightly  as  using  one  motor 
with  sprocket  connections  to  the  centre  of  the  rear  driving  shaft. 
(4)  The  driving  wheels  may  be  attached  to  the  rotating  axle  by 
clutches,  which  maj  be  "thrown  out"  by  geared  connections  to 
the  steering  mechanism.  To  be  really  practical  the  act  of  disen- 
gaging must  be  effected  by  the  steering  lever,  otherwise  the  driver 
might  forget  it  at  the  very  time  it  was  needed  most.  The  disad- 
vantage of  the  arrangement  is  thus  obvious;  for,  since  a  con- 
siderable motion  of  the  lever  is  required  to  release  the  clutch,  the 
device  would  be  of  use  only  on  short  curves,  as  in  turning  street 
comers,  when  the  lever  is  put  all  the  way  about.    On  long  curves 
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there  could  be  no  certainty  that  disengagement  had  been  effected, 
unless  complex  devices  and  long  connections  were  employed, 
greatly  to  the  detriment  of  an  easy  operation  of  the  steering  lever. 
With  the  best  arranged  mechanism  there  must  be  some  stress 
and  strain  on  the  drive  wheels,  in  consequence  of  attempting 
by  hand  what  should  be  accomplished  automatically.  Also,  if  the 
clutch  is  to  be  thrown  out  every  time  the  steering  wheels  incline, 
ever  so  slightly,  the  driving  must  be  irregular,  and  the  speed  con- 
sequently impaired.  (5)  The  hub  of  each  wheel  may  be  provided 
with  a  ratchet  arrangement,  adapted  to  engage  the  axle  and  pre- 
vent it  from  rotating  forward  without  engaging  the  wheel.  Such 
a  construction  was  used  on  foot-propelled  tricycles  twenty  years 
ago,  but  was  then  found  faulty  because,  in  turning  corners,  the 
inner  wheel  had  to  do  the  driving.  Since  that  time  several  im- 
proved designs  have  been  made  that  allow  of  working  in  a  re- 
verse direction,  the  pawl  being  so  hung  as  to  shift  by  slight  fric- 
tion contact,  so  that,  if  the  axle  rotates  forward,  it  will  drive  the 
wheel  forward,  and  also  the  contrary.  With  all  produced  to  date, 
however,  the  same  fault  has  been  found:  When  attempting  a 
slight  hill,  there  is  no  way  of  controlling  the  vehicle  except  by 
applying  the  brake  until  the  power  is  reversed  and  the  pawls  can 
take  a  positive  grip.  Altogether,  the  best  pawl  and  ratchet  de- 
vices are  uncertain  and  unsatisfactory  in  action  and  also 
seem  unmechanical  and  unsuitable  for  motor  vehicle  use. 
(6)  The  construction  most  usually  adopted  is  to  attach 
both  drive-wheels  rigidly  to  a  revolving  axle  bar,  which 
is  divided  at  the  centre  to  connect  with  a  system  of  compensating 
or  balance  gear  wheels  enclosed  within  a  cylindrical  case 
carrying  the  sprocket.  Here  there  is  no  loss  of  power;  no  need 
of  lowering  the  speed  on  curves  of  safe  radius,  and  no  necessity 
for  complicated  and  troublesome  devices  for  coupling  the  motive 
and  steering  functions. 

The  Requirements  in  Balance  Gears. — The  balance  or  com- 
pensating device,  as  used  on  motor  vehicles,  is  commonly  called 
a  "diflferential  gear,"  from  the  fact  that  the  primary  object  in- 
volved in  its  use  is,  as  we  have  seen,  to  allow  of  differentiation  or 
compensation  in  the  speeds  of  the  two  geared  wheels  and  their 
axles  in  making  curv?s.    Any  device  that  will  admit  of  a  steady 
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drive  in  straightahead  running,  a  difference  of  speed  in  the  two 
drive-wheels  in  turning  corners,  and  a  rapid  restoration  of  nor- 
mal conditions,  is  usable  for  this  purpose.  There  is,  however, 
another  necessary  function,  which  may  not  be  omitted — ^the  dif- 
ferential must  also  be  a  "balance  gear."  That  is  to  say,  it  must 
combine  with  the  function  of  compensation  an  even  or  balanced 
transmission  of  power  to  both  wheels.  Each  wheel,  so  long  as 
it  is  in  motion,  must  be  driven  with  the  same  degree  of  power. 


Fie  82. — A  form  of  Differential  Gear  formerly  used  on  Tricycles.  The  etuds  of  the 
pinions,  AA,  are  set  in  spokes  of  the  sproclcct,  turning  on  their  own  axes  only  when 
cither  of  the  wheels  of  tne  vehicle,  attached  respectively  to  B  and  C,  cease  rotating, 
as  in  the  act  of  turning. 


At  no  time,  even  on  short  turns  when  one  wheel  is  stationary, 
acting  as  a  pivot,  is  it  permissible  that,  say  two-thirds  of  the 
power,  be  sent  to  one  drive-gear,  and  one-third  to  the  other. 
The  power,  transmitted  from  the  centre  of  the  divided  axle  shaft, 
must  always  be  the  same  in  both  directions,  even  though  one 
wheel  be  stationary.  On  some  driven  vehicles,  particuarly  two- 
track  foot-propelled  tricycles,  in  which  the  steering  wheel  is  set 
directly  ahead  of  one  of  the  drivers,  so  as  to  progress  on  the 
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same  track,  it  is  desirable  to  use  a  compensating  gear  that  is  not 
a  balance  gear,  because  more  power  is  required  on  one  side  than 
on  the  other.  The  failure  to  understand  this  fact  in  the  early 
days  of  cycling  led  to  considerable  uncertainty  in  the  steering  of 
tricycles.  One  of  these  early  machines,  a  three-track  tricycle — 
one  having  the  steer  wheel  hung  forward  the  centre  of  the  two 
drivers — had  the  compensating  device  shown  in  an  accompanying 
figure,  instead  of  the  true  balance  gearing  it  should  have  had. 
The  device  shown  would  have  answered  excellently  well  in  a 
two-track  tricycle,  for  the  reasons  noted  above.  As  may  be  seen, 
the  device  consisted  of  a  large  internal  gear  wheel,  within  which 
and  rotating  about  the  same  axis  was  a  smaller  external  gear 
or  spur  wheel — the  two  meshing  with  the  spur  pinions  at  top  and 
bottom,  as  shown.  The  large  internal  gear  was  secured  to  the 
axle  of  one  wheel,  the  smaller  or  spur  wheel  to  the  opposite  one, 
and  power  was  applied  through  the  pinions  hung  on  the  sprocket. 
The  result  was  that  the  power-driven  pinion  transmitted  more 
power  to  the  internal  gear,  because  of  its  greater  diameter,  than 
to  the  spur  gear,  thus  giving  one  wheel  a  tendency  to  revolve 
more  rapidly  than  the  other. 

Automobile  Qcars.— The  most  familiar  form  of  balance 
gears  for  compensating  the  drive  wheels  of  motor  carriages  is  the 
bevel,  or  miter,  gear  train.  This  is  the  original  form  of  the  device, 
and  was  used  on  steam  road  wagons  as  early  as  1843.  As  shown 
in  the  figure,  the  sprocket  or  spur  drive  wheel  has  secured  to  its 
inner  rim  several  studs  carrying  bevel  pinions,  which,  in  turn, 
engage  a  bevel  gear  wheel  on  either  side  of  the  sprocket.  These 
gear  wheels,  last  mentioned,  are  rigidly  attached  on  either  side  to 
the  inner  ends  of  the  centre  divided  axle-bar,  one  serving  to 
turn  the  left  wheel,  the  other,  the  right.  When,  now,  power  is 
applied  to  the  sprocket,  causing  the  vehicle  to  move  straight 
forward,  it  may  be  readily  understood  that  the  bevel  pinions, 
secured  to  the  sprocket,  instead  of  rotating,  which  would  mean  to 
turn  the  drive  wheels  in  opposite  directions,  remain  motionless, 
acting  simply  as  a  kind  of  lock  or  clutch  to  secure  uniform  and 
continuous  rotation  of  both  wheels.  So  soon  as  a  movement  to 
turn  the  vehicle  is  made,  causing  the  wheels  to  move  with  differ- 
ent speeds,  a  fact  already  mentioned  in  connection  with  horse- 
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drawn  carriages,  these  pinions  begin  to  rotate  on  their  own  axes, 
allowing  the  pivot  wheel  to  slow  up  or  remain  stationary,  as  con- 
ditions may  require,  while  still  continuing;  to  urge  forward  the 
other  at  the  indicated  speed.  The  principle  involved  in  the  device 
may  be  readily  expressed  under  four  heads :  (i)  When  the  resist- 
ance offered  by  the  two  drive  wheels  and  attached  gear  is  the 
same  as  when  the  carriage  is  driven  forward,  the  pinions  cannot 
rotate.  (2)  When  the  resistance  is  greater  on  the  one  wheel  than 
on  the  other,  they  will  rotate  correspondingly,  although  still  mov- 


The  sprockot  ecur  carries  throe  bevel  pInlonB 

_!  plntunH  m™B  with  bevel  wheels  on  either 

Blile.  which  wheels  ore  attucheil  at  the  two  inner  ttoilsor  the  dlvhled  axle  fihart.  The 
spur  drive  hu  two  plnkios  ratatlng  oa  nwlii.  mid  sbowa  the  octlou  to  better 
ailTontOEe. 

ing  forward  with  the  wheel  offering  the  lesser  resistance.  (3)  The 
pinions  may  rotate  independently  on  one  gear  wheel,  while  stiil 
acting  as  a  clutch  on  the  other,  sufficient  in  power  to  carry  it  for- 
ward. (4)  If  a  resistance  be  met  of  sufficient  power  to  stop  the 
rotation  of  both  wheels  and  their  axles,  the  condition  would  affect 
the  entire  mechanism,  and  the  pinions  would  still  remain  station- 
ary on  their  own  axes,  just  as  when  in  the  act  of  transmitting  an 
equal  movement  to  both  wheels. 

For  light  carriage  work  the  sprocket  or  spur  drive  generally 
carries  two  pinions,  as  shown  in  the  figure,  but  in  larger  vehicles 
the  number  is  increased  to  three,  four,  or  six,  and  the  size,  pitch 
and  number  of  the  teeth  varied,  according  to  requirements.  Of 
course,  it  is  essential    that    the  equalizing  gears  be  properly 
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chosen  for  tiie  work  they  are  to  perform,  in  the  matter  of  the 
number  of  the  pinions  and  of  their  teeth,  as  well  as  of  the  metal 
used,  since  the  great  strain  brought  to  bear  on  them  will  inevit- 
ably cause  wear  and  strain.  With  even  the  best  made  bevel-gears 
there  is  a  danger  of  end  thrust  and  a  tendency  to  crowd  the 


Fro.  Sfi.—Scction  Ihro 


pinions  against  the  collars,  with  consequently  excessive  wear  on 
both.  The  resiilt  is  a  looseness  that  demands  constant  adjust- 
ment. 

Spur  Compensatin?  Qears  —In  order  to  avoid  the  difficul- 
ties encountered  with  bevel  gears,  spur-gears  were  invented,  and 
are  now  increasing  in  popularity.  In  this  variety  the  theory  of 
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compensation  is  the  same  as  with. bevel  gearing;  a  divided  axle, 
whose  two  inner  ends  carry  gear  wheels  cut  to  mesh  with  pinions 
attached  to  the  sprocket  pulley.  These  pinions  are,  however,  set 
in  geared  pairs,  with  their  axes  at  right  angles  to  the  radius  of 
the  sprocket,  which  is  to  say  parallel  to  its  axis.  As  will  be  seen 
in  the  accompanying  illustrations,  the  pinions  of  each  pair  are 
set  alternately  on  the  one  side  or  the  other  of  the  sprocket,  mesh- 
ing with  one  another  in  about  half  of  their  length,  the  remainder 
of  each  being  left  free  to  mesh  with  the  axle  spurs  on  the  one 


Flo.  28.— One  form  of  Spur  DifferentiBl  or  Balance  Gear.  The  two  inner  ands  of  the  dl- 
viJed  aiie  ahatl  carry  spur  wlicols,  which  mesh  each  with  one  of  every  pair  of  the 
the  three  pairs  of  open  pinions  shown.  As  these  pinions  ineeli  together  both  rotate 
OD  their  axes  as  soon  aa  turning  of  the  wo^oti  begins. 

or  other  side.  Both  these  models  have  three  pairs  of  pinions, 
one  of  each  meshing  with  either  of  the  axle  gears.  With  one  the 
ends  of  the  divided  axle  carry  internal  gears,  with  the  other 
true  spur-wheels.  The  operation  is  obvious.  When  the  vehicle 
is  turning,  one  rear  wheel  moves  less  rapidly,  causing  the  pinion 
with  which  it  is  geared  to  revolve  on  its  mate,  which,  in  turn, 
revolves  on  its  own  axis,  although  still  engaging  the  gear  of  the 
opposite  and  moving  wheel  of  the  vehicle.  The  motion  is  thus 
perfectly  compensated,  without  the  wear  and  thrust  inevitable 
with  bevels. 

A  Universal  Joint  Differential.— Another  differential  device, 
which  has  been  used  on  some  European  vehicles,  and  was 
formerly  patented  in  the  United  States,  is  shown  in  the  accom- 
panying figure.    In  this,  as  in  other  forms  of  differential  gearing. 
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the  axle  shaft  is  divided  at  the  centre,  but  instead  of  rigidly  at- 
tached gears,  carries  a  universal  joint  on  each  inner  end,  on  which 
is  a  short  shaft  and  a  small  spur  pinion.  Over  the  divided  axle 
shaft  are  two  hollow  sleeves,  which  work  freely  over  it,  and  are 
connected  together  by  a  gear  box,  as  shown.    Within  this  gear 


fto.  ST.— Another  form  of  Spur  Balance  Oear.  The  actloa  Is  the  same  M  In  Fig.  M,  b»- 
cept  that  the  Inner  ends  of  lh«  divided  axle  carry  InCemAl  gear  wheels,  oacb  of  which 
meahes  with  one  piaioa  of  each  pair. 

box  the  two  ends  of  the  wheel  axle  shafts  are  arranged  in  bear- 
ings at  an  angle  of  about  thirty  degrees,  so  that  the  pinions  can 
mesh.  The  driving  is  done  by  a  sprocket  attached  to  the  outer 
hollow  shaft  just  mentioned,  and  the  motion  is  transmitted  to  the 
inner  shafts  attached  to  the  vehicle  wheels  on  either  side  by  the 
differential  gearing:  the  spur  pinions,  in  this  as  in  the  former 
cases,  locking  fast  without  rotating  so  long  as  the  motion  of  the 
wheels  is  equal  and  the  carriage  is  driven  straight  ahead.  As 
soon  as  a  turn  is  made  the  pinions  be^n  to  rotate  with  the 
compensating  effect  found  in  the  bevel  and  spur  gear  trains 
noticed  above. 

A  rather  simpler  variation  of  this  device  has  been  proposed, 
although  not  widely  used,  which  consists  of  two  gears  slightly 
beveled,  one  mounted  direct  on  the  straight  axle  shaft,  the  other, 
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on  a  universal  joint,  as  shown.  By  this  construction  one  univer- 
sal joint  is  saved,  while  the  compensating  action  of  the  device 
is  not  at  ail  impaired. 

Disadvantages  of  a  Divided  Axle  Shaft. — The  practice  of 
dividing  the  axle  shaft,  thus  disconnecting  the  two  wheels  of 
the  vehicle,  is  a  source  of  weakness  which  was  recognized  and 
provided  against  long  since.  Although,  theoretically,  the  axle 
is  divided  at  the  centre,  as  we  have  described,  the  construction 
now  usually  adopted  is  to  mount  one  wheel  on  the  axle  shaft  and 
the  other  on  a  hollow  shaft  or  sleeve  which  works  over  it.    The 


e  Bprocket  or  Bpur  drive  lurns  the  sleava 
lectton.  8n  long  as  travel  is  stralsbtahewl 
rjon  OS  a  turn  la  made  rotation  btigln«,  thus 


solid  shaft  can  then  be  made  as  long  as  the  width  of  the  vehicle, 
the  difTerential  gear  wheel  belonging  to  it  being  secured  about 
midway  in  its  length.  The  other  or  hollow  shaft  is  about  half  as 
long,^  so  that  its  gear  is  attached  at  the  end  and  is  immediately 
opposite  the  other,  both  meshing  with  the  pinions  attached  to  the 
sprocket.  Such  a  construction  involves  no  other  variation  from 
the  method  of  attaching  the  differential  gear-train  to  the  ends  of 
the  divided  axle  than  making  the  eyes  of  the  two  gear  wheels  of 
different  diameters,  so  as  to  fit  the  axle  shaft,  on  the  one  side, 
and,  the  hollow  axle,  or  sleeve,  on  the  other.  The  sprocket  is 
then  inserted  between  them,  being  held  in  position  by  the  mesh- 
ing of  the  axle  gears  with  the  pinions,  itself  turning  loose  on  the 
solid  through  shaft.  The  inner,  solid  axle  shaft  is  secured  in  posi- 
tion by  suitable  collars.     The  arrangement  may  be  understood 


by  reference  to  Fig.  25. 
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Another  Through  Axle  Shaft. — Another  typical  method 
for  securing  the  strength  and  solidity  of  a  through  axle  shaft  is  to 
attach  both  wheels  to  hollow  axles  of  the  same  diameter,  each  of 
which  carries  on  its  opposite,  or  inner,  end  the  gear  wheel  of  the 
differential  train.  Another  tube,  called  the  "liner  tube,"  of  the 
same  length  as  the  width  of  the  vehicle,  is  then  inserted  in  the 
hollow  axles,  and  the  two  are  brought  together  so  as  to  bear  upon 
a  collar  secured  to  the  centre  of  the  liner  tube.    The  sprocket  and 


FiQ.  29.— The  Hnb- Enclosed  DitTerential  of  the  Riker  Carriages.  A  is  the  rotating  sleeve 
carrying  the  drive  spur.  It  is  bolted  to  the  yoke  carrier,  B,  and  the  Qange  piece,  K» 
OS  shown.  C  and  C  are  the  studs  of  the  bevel  pinions  attached  to  the  yoke  carrier, 
B.  F  Is  the  bevel  gear  wheel  keyed  to  the  rotating  through  axle  shaft,  G,  whose  op- 
posite end' is  rigidly  attached  to  the  other  hub.  The  bevel  gear,  E,  is  keyed  to  the 
In-flanged  portion  of  the  liub,  D,  turning  on  the  reduced  portion,  H,  of  the  rotating 
axle  shaft. 

differential  pinion  train  are  inserted  and  held  in  place  in  a  fashion 
similar  to  that  used  in  the  previous  device,  the  inter-meshing  of 
the  bevels  serving  to  support  it. 

A  Hub-Enclosed  Differential. —  The  problem  of  how  to 
secure  compensation  of  motion  between  the  two  rear  wheels,  and 
at  the  same  time  overcome  the  disadvantages  of  the  divided  axle 
shaft  is  solved  in  a  different  fashion  by  the  Riker  Electric  Vehicle 
Co.  Their  device  is,  briefly,  to  construct  the  wheels  with  box 
hubs  and  to  enclose  the  differential  gear-train  in  one  of  them. 
By  this  means  the  carriage  frame  enjoys  the  full  advantage  of  a 
solid  through  axle  shaft,  and  the  divided  connection  is  made  at 
one  end  instead  of  at  the  centre.  The  mechanism  is  as  follows : 
A  solid  through  axle  shaft  is  rigidly  attached  to  the  hub  of  one 
wheel,  and  has  the  opposite  one  running  loosely  upon  it,  secured 
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by  nut  and  washer,  aa  in  the  construction  used  for  horse-drawn 
vehicles ;  howbeit,  the  gearing  within  the  hub  prevents  its  ready 
removal  by  unscrewing  the  nut.  Over  the  solid  through  axle 
shaft,  which  rotates  with  the  wheel  attached  to  it,  is  sleeved  a 
hollow  rotating  shaft,  which  carries  the  drive  sprocket  or  spur. 
One  end  of  this  second  shaft  works  on  a  bearing  with  the  drive 
gear  wheel,  the  other  carries  a  hemispherical  yoke-carrier  to 
which  are  studded  differential  bevel  pinions  having  their  axes  on 
the  radii  of  the  shaft.    To  the  rear  of  this  yoke  piece  is  a  circular 


gear.  A,  attached 
■Imilarl; 


leof  the  Tboraycron.  steam  waeon,  sbontoK  the  peculiar  ai 
-lotlal  gears  aod  driTlne  connectiona.    The  driving  is  by  t> 


. the  left.    The  wheels,  X  and  T,  turn  loose  on  the 

„ axle,  tMtlug  driren  bjr  the  aprings,  D  and  E,  which  bear  upon  lugs 

at  tb«  rim,  aa  will  be  aubaequentlr  eiptalDed.  This  arTangement  pennita  the  removal 
of  eRher  wheel,  bb  Id  faurSB  carriages.  Q  and  F  are  the  wagon  springs,  one  resting 
•bore  tbe  rotating  axle,  the  other  above  the  rotating  sleeve. 

flange  piece  of  a  size  to  fit  the  inner  circumference  of  the  box  hub, 
and  turn  loosely,  when  the  differential  gearing  is  brought  into 
action :  when  the  drive  is  straight  ahead  it  turns  with  the  hub, 
being  of  one  piece  with  the  yoke  carrying  the  bevel  pinions.  The 
differential  train  is  completed  by  the  addition  of  the  two  side  gear 
wheels,  meshing  with  the  bevel  pinions,  as  in  other  systems  of 
compensating  mechanism.    One  of  these  gear  wheels,  the  inner 
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one,  is  keyed  to  the  solid  through  axle  shaft,  and  turns  or  stops, 
according  to  the  motions  of  the  opposite  wheel  of  the  vehicle. 
The  other  is  keyed  to  an  in-flanged  sleeve  on  the  hub,  this  sleeve 
working  loose  on  the  extremity  of  the  solid  axle  shaft,  which  is 
turned  to  a  smaller  diameter  than  the  remainder  of  the  length, 
and  is  terminated  by  a  nut  and  washer,  as  previously  mentioned. 
I 


Fio.  30a.— Plaa  vlev  at  a  type  of  differential  and  traiumlaslan  gear  for  pennlttlns  tbe 
luwufdwhedwheelL  ^Is  the  drivinc  ahaft,  which  driveB  the  bevels,  B  biM  C.  on 
the  twu  half  axli-a,  D  and  E,  thmiiRh  tlic  bevpla,  k.  and  F.  The«c  liut  arc  loove  un  U. 
bi'JnK  held  rigid  by  Intcrnmliine  wltb  pinions.  Q,  Q,  carrk-d  on  a  crow  arm  on  H. 
DllIereDlial  aclkin  between  il.e  two  rear  whi-els  to  obialneil  when,  in  lumiiiK,  B  or  C 


other  diiTerentiiLl  gears.  I'll i»  devia-  allows  the  use  of  dished  wheels.  Mncc,  as  Is 
evident,  the  gearB,  Band  C.  mnj-  \k  iiiellned  at  any  desired  angle  togot her  wllh  their 
ailKB,  by  merely  altering  the  angles  "f  (he  bevels.  The  ralioB  of  the  geara.  B  and  A. 
and  C  and  F.  being  the  same  Ihc  balance  of  speed  and  power  in  transmission  is 
mainlaiaed. 

The  differential  action  is  obvious,  since  the  bevel  pinions  are 
studded  to  a  yoke-carrier  at  the  end  of  the  hollow  drive-shaft,  in- 
stead of  to  the  sprocket  or  drivinfi;  spur;  one  bevel-gear  of  the  train 
being  secured  to  the  axle  solid  with  the  wheel  opposite  to  the  dif- 
ferential hub.andtheotherto  the  body  of  the  differential  hub  itself. 


CHAPTER  THREE. 

STEERING   A   MOTOR  CARRIAGE. 

Steering  Oear  of  Automobiles. —  In  a  horse-drawn  vehicle, 
as  we  have  seen,  the  front  axle  shaft  is  centre-pivoted  below  the 
body  of  the  carriage  and  in  turning  bears  on  the  "fifth  wheel." 
Such  an  arrangement  is  the  most  practical  for  this  class  of  vehicle, 
since  the  tractive  power,  the  horse,  can  pull  in  any  direction  with- 
out the  use  of  further  appliances  than  the  guiding  lines,  or  reins. 
In  motor  vehicles,  however,  it  is  not  always  practicable  to  so  com- 
bine the  steering  and  tractive  functions,  as  to  imitate  the  actions 


Flo.  St.— ninbud-LeTUM>r  Ught  Two-PaswniiOT  Car.  hnvlDg  a  Swin^ns  Front  Axle. 
The  steer  wheel  pillar  trarrles  ui  arm  on  lU  cud  to  which  la  Kttacbed  a  link  bar  work- 

of  a  horse.  Consequently,  it  is  necessary  to  provide  mechanical 
means  for  shifting  the  direction  of  the  forward  or  steering  wheels. 
This  result  may  be  accomplished  by  attaching  some  kind  of 
lever,  sprocket,  or  spur-gear  arrangement  to  a  "fifth  wheel,"  and 
operate  it  by  a  handle  near  the  seat  of  the  carriage.  To  success- 
fully accomplish  this  result  with  a  steering  handle,  such  as  is  used 
on  most  American  motor  carriages,  would  require  a  considerable 
expenditure  of  muscular  energy  and  a  wide  angle  of  leverage,  be- 
sides involving  delay  and  difficulty  on  many  turns.  With  a  well- 
geared  steering  wheel  it  has  been  successfully  adopted  by  Pan- 
hard  and  Levassor.  in  one  of  their  light  two-seated  cars.  Fur 
general  purposes,  however,  the  simplest  and  readiest  construction 
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for  attaining  easy  steering,  and  at  the  same  time  securing  the 
needed  stability  of  the  frame,  is  found  in  the  use  of  a  rigid 
through  axle  shaft  and  knuckle-jointed  stud  axles. 

nvoted  5tud  Axles.— In  automobiles  the  forward  axle  shaft 
is  attached  beneath  the  body  of  the  vehicle,  so  as  to  admit  of  no 
rotary  movement  whatever  on  its  own  centre.    At  each  end  it 


Pio.  as.— Tbe  Onkmiui-Hertel  aasollnt  Carriage,  Bhowin);  the  stoer  wheeU  set  Id  ud 
tuntad  by  bicycle  lurlu. 

carries  a  fork,  or  yoke,  to  which  is  pivot-bolted,  at  right  angles  to 
the  axle  shaft,  so  as  to  form  a  true  knuckle-joint,  a  boss  carrying 
two  branches,  one  of  them  of  cylindrical  shape  to  fit  the  axle  box 
of  the  wheel,  which  is  suitably  secured,  as  in  horse-drawn  vehicles, 
so  as  to  rotate  freely ;  the  other  being  an  arm,  shaped  for  attach- 
ing the  transverse  steering  link  bar.  This  link  bar  is  generally 
arranged  to  connect  the  steering  arms  of  both  stud  axles  on  the 
through  axle  shaft,  the  connections  for  the  control  handle  or 
wheel,  placed  conveniently  to  the  driver's  hand,  varying  with 
different  manufacturers.  Pivoted  axles,  which  are  generally 
known  as  the  Ackerman  axles,  and  were  invented  by  a  certain 
Lankensperger  of  Munich,  as  early  as  1819.  thus  furnish  the 
readiest  and  simplest  means  for  steering  motor  vehicles,  at  the 
same  time  permitting  maintenance  of  stability.    The  transverse 


STEEKING   A   MOTOR   CARRIAGE.  37 

Steering:  link  bar  attached  to  an  arm  at  either  end  is  readily  ma- 
nipulated by  the  driver,  and  with  but  small  exertion,  since  the 
pivots,  attached  direct  to  the  axles  of  the  wheels,  permit  a  wide 
angle  of  variation  in  the  vehicle's  direction  of  travel  for  a  very 
slight  shifting  of  the  steering  handle.  The  balance  of  leverage 
being  also  in  the  driver's  favor,  it  is  possible  to  turn  the  vehicle  in 
any  desired  direction  quickly  and  with  ease.  This  same  fact  also 
involves  that  the  steering  handle  cannot  be  wobbled  or  vibrated. 


FiBB.  n  and  S4.— Two  foitn*  of  Stud  Steering  Aile,  ahowtng  differing   wrangement  at 
Bteerini;  arms  sod  pivots. 

Th«  Theory  of   Steering    Axles The  operation  of  pivoted 

steering  axles  depends  upon  fixing  the  pivot  as  near  as  possible 
to  the  centre  of  the  wheel,  in  order  to  enable  the  greatest  arc  of 
operation  for  the  smallest  motion  of  the  hand  lever.  In  this 
respect  the  steering  wheel  of  a  bicycle  is  typical,  and  some  makers 
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of  automobiles  who  use  steering  wheels  similarly  mounted  on 
forks,  either  in  pairs,  as  in  the  Oakman  gasoline  carriage,  or  as  a 
single  front  wheel,  as  in  the  Knox  three-wheel  gasoHne  car- 
riage, are  able  thus  to  secure  a  remarkably  easy  and  efficient 
leverage.  But,  since  this  construction  is  not  the  most  suitable  for 
heavy  carriages,  and  is  not  generally  popular,  manufacturers  and 


Fig.  33.— Inwardly  Inclined  Steering  Pirot  of  the  Duryea  Carriages.  The  lines  passing 
through  the  ]>ivot  and  across  the  axle  converge  at  the  point  of  contact  of  the  tiro 
with  the  ground,  thus  securing  the  elTect  of  centre  steering. 

inventors  have  busied  themselves  devising  other  methods  for  ac- 
complishing the  same  result.  One  of  these  is  to  incline  the  stud 
axle  downward  at  such  an  angle  as  will  cause  the  tire,  or  periph- 
ery, of  the  wheel  to  strike  the  ground  at  a  point  coincident  with 
a  line  drawn  through  the  knuckle  pivot.    As  an  additional  ad- 
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vantage  for  this  construction,  it  is  claimed  that  the  force  of  a 
collision  is  delivered  at  or  about  this  line  of  incidence,  rather 
than  on  the  hub  or  its  axle  connection,  thus  ensuring  greater 
security,  and  saving  the  driver  a  shock.  Another  device  is  tc 
incline  the  pivot  axis  inward,  leaving  the  axle  horizontal,  or 
nearly  so,  with  the  result  that,  as  in  the  previous  case,  a  line 
drawn  through  the  pivot  strikes  the  ground  at  the  same  point 
with  the  periphery  of  the  wheel  which  is  itself  in  a  vertical  posi- 
tion. 


Fio.  36.— The  Ha3me8-AppersoD  Double  Yoke  Steerini^  Pivot  Axle.  The  steering  arm  is 
attached  at  A,  thtis  securing  the  turning  effect  at  approximately  the  centre  of  the 
wheel  hub. 

Constructional  Points  on  Steering  Axles.—  It  is  of  prime 
importance  that  the  construction  of  the  steering  knuckles  of 
pivoted  axles  should  be  as  heavy  and  durable  as  the  size  and 
weight  of  the  carriage  will  permit.  To  neglect  this  point  and 
attempt  a  lighter  and  prettier-looking  joint  will  involve  rapid 
wear  and  loose  bearings  to  the  detriment  of  good  steering  quali- 
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ties.  At  this  point  it  may  be  in  place  to  remark  that  it  seems  to 
be  a  regular  superstition  with  some  manufacturers  of  motor  car- 
riages that  lightness  of  construction  is  the  first  thing  needful  in  a 
successful  vehicle.  For  this  reason  many  of  them  weaken  their 
carriages  by  using  tubular  frames  with  an  excessive  number  of 
joints,  thus  making  nearly  inevitable  a  rupture  somewhere  under 
stress  of  vibration  or  constant  use  on  rough  roads.  One  make 
of  American  gasoline  carriage,  which  combines  a  number  of  ex- 
ceptionally excellent  mechanical  conceptions,  carries  the  idea 
of  lightness  to  such  an  extreme  as  to  make  the  various  parts  far 
too  small  to  be  really  serviceable  under  test  conditions.  It  is 
probable  that  the  total  weight  thus  saved  would  not  equal  one- 


third  of  a  hundred  pounds,  a  matter  ol  no  particular  moment, 
when  we  consider  that,  as  it  is  claimed,  the  motor  is  of  ten  horse- 
power capacity.  Contrary  to  this  practice,  the  worth  of  a  motor 
carriage,  with  any  type  of  motor,  may  be  fairly  estimated  by 
considering  how  substantial  and  durable  are  the  parts  exposed  to 
running  stress — such  are  the  brake  drums,  the  differential  gear- 
ing and  the  steering  mechanism — and,  whether  such  parts  are 
of  sufficient  proportions  to  admit  of  easy  operation  and  the  resist- 
ance of  ordinary  violence.  These  qualities  are  particularly  essen- 
tial in  the  construction  of  the  pivoted  axles,  and  may  be  readily 
recognized  in  the  accompanying  figures  of  typical  structures. 

Other  5teerln;  Pivots.— The  ends  of  superior  strength  and 
centre-steering  are  approximated  differently  by  other  carriage 
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builders.  The  Haynes-Apperson  Co.  uses  a  double  yoke  ar- 
rangement; one. yoke  being  of  a  piece  with  the  through  axle 
shaft,  the  other  pivot-bolted  at  each  extremity  with  the  first,  and 
carrying  the  axle  spindle  at  its  centre.  The  National  Automo- 
bile and  Electric  Co.  have  a  vertical  bearing  at  the  end  of  the  axle 
shaft,  instead  of  the  usual  fork,  and  within  this  works  a  short  stud 


Fio.  88.->Fona  of  Steering  Flrot  and  Axle  used  bv  the  National  Automobne  and  Eleetrie 
Ck>.    The  steering  arm  ia  attached  at  the  point  marked  A. 

piece  carrying  the  horizontal  spindle  at  the  base,  the  steering  arm 
being  bolted  at  the  top.  This  device  seems  to  be  a  simplified 
variation  of  the  one  used  on  the  Panhard  vehicles,  which  have  a 
similar  upright  bearing,  or  cone  pivot,  carrying  an  axle  stud  and 
axle  in  similar  fashion,  but  with  the  steering  gear  attached  at  the 
base. 

Pivoted  Wheel  Hubs. — Several  manufacturers,  most  notably 
the  Riker  Electric  Vehicle  Co.,  have  attempted  to  improve  the 
operation  of  the  pivoted  steering  wheels  by  enclosing  the  pivot 
and  lever  arm  attachments  within  a  hollow  hub.  The  construc- 
tion includes  a  hollow  cylinder  or  tube  length,  which  is  pene- 
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trated  by  the  end  of  the  axle  shaft  and  pivot-bolted  to  it,  so  as  to 
turn  in  either  direction  under  impulse  from  a  steering  handle 
fixed  to  its  inner  end  and  running  parallel  with  the  main  axle 
shaft.  Around  the  edges  of  this  pivoted  tube  run  two  hard  steel 
cones  which  engage  a  train  of  ball-bearings  enclosed  in  a  circular 
ball-race  or  retainer  fixed  on  the  inside  circumference  of  another 
and  larger  tube  or  box,  which  forms  the  hub  of  the  wheel,  and 
runs  freely  upon  the  first,  the  pivoted  box,  on  the  train  of  ball- 
bearings. This  device  bringing  the  pivot  exactly  at  the  centre 
of  the  wheel  is  an  eminently  effective  means  of  accomplishing 


Fio.  SB.— Pivoted  Stoering  Hub  used  on  the  Rlker  Curiases    A  Ib  thv  axle  sbaft;  B, 


]i  bear  on  tbe  balls  mounted  In  the  I 
rotate  iDdependeiitly  on  tin?  Inner  t 
i  botb  C  and  D  on  the  pivot,  B. 


easy  and  perfect  steering.  The  construction  must,  however,  be 
strong  and  comparatively  heavy,  so  as  not  to  achieve  ease  of 
operation  by  a  sacrifice  of  durability. 

Numerous  inventors  have  adopted  the  general  idea  of  placing 
the  pivot  within  the  hub,  and  efifecting  the  steering  by  lever  and 
swivel  attachments,  but  the  Riker  hub  is  typical  of  most  such 
devices.  The  Clubbe  and  Southey  pivoted  hub  operates  on  a 
simpler  plan.  The  fork,  or  yoke,  on  the  through  axle  shaft  is 
slightly  bent  forward  at  the  end.  so  that  a  pivot  bolt  through  the 
eyes  pierces  a  boss  attached  tangent-wise  to  a  short  tubular  axle 
bearing,  in  which  the  stud  axle,  carrying  the  wheel,  revolves 
freely.  The  hub  is  hollow  and  hemispherical,  so  as  to  contain  the 
whole  mechanism  of  the  pivot  joint,  which  is  slightly  forward  of 
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the  centre,  giving  a  caster  action  to  the  wheel  in  turning.  The 
steering  arm  is  attached  to  the  axle  bearing  about  midway  in  its 
length  and  opposite  to  the  pivot  boss. 

Requirements  in  Steering:  Motor  Carriages. — While  the  nov- 
ice in  mechanics  may  consider  that  some  of  the  details  and  con- 
trivances, thus  far  described,  are  quite  unnecessary,  he  will  read- 
ily recognize  their  importance  when  the  facts  are  explained. 
Thus,  when  informed  that  the  steering  wheels  of  an  automobile 
must,  in  turning  the  vehicle,  describe  concentric  arcs,  on  radii 
which  differ  in  length  by  the  distance  between  the  wheels,  he  will 
understand  that  the  axle  of  each  must  project  from  the  perch  at 
an  angle  diverse  from  that  made  by  the  other.  The  arcs  thus  de- 
scribed must  be  concentric  in  order  to  maintain  both  wheels  in 


Fio  40.— The  dnbbe  and  Soatbey  Pivoted  Steerinir  Hub  used  on  tbe  Carriages  of  tbe 
Electric  Motive  Power  Ck>.,  of  jBagland.  As  may  be  seen,  tbe  pivot  is  to  one  side  of 
the  axle,  thus  giving  the  wheel  a  true  castor  movement  in  turning. 

the  same  direction,  without  side-slip  or  resistance;  they  must 
be  on  radii  of  diflFering  length,  because,  as  is  obvious,  two  parallel 
wheels,  separated  by  even  a  minute  distance,  cannot  run  in  the 
same  tire  track.  The  wheel  axles  must  project  from  the  trans- 
verse axle-tree  at  different  angles,  because  the  two  wheels,  hav- 
ing the  same  diameter,  no  matter  how  their  relative  speeds  may 
differ,  will  by  any  other  arrangement  fail  to  run  in  the  same 
curved  direction.  This  principle  is  not  applied  in  the  steering  of 
horse-drawn  carriages  for  several  reasons:  (i)  The  wheels,  being 
carried  at  either  end  of  a  centre-pivoted  swinging  axle-tree,  are 
always  held  on  the  radius  of  the  turning  arc.    (2)  The  steel  tires 
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permit  considerable  slipping,  impossible  with  rubber,  thus  al- 
lowing a  moderately  complete  compensation  of  diverse  arcs  and 
speeds.  (3)  The  motive  power  being  derived  from  an  outside 
agent — the  horse — the  continuous  movement  is  not  impaired,  or 
the  steering  rendered  uncertain,  as  must  be  the  case  in  a  self- 
propelling  vehicle,  which  is  moved  from  the  rear.  (4)  As  the 
careful  driver  very  soon  learns,  the  arc  of  turning  must  be  on  a 
radius  of  generally  twice  the  carriage  length,  if  an  upset  is  to  be 
avoided,  although  this  depends  on  the  speed  and  location  of  the 
centre  of  gravity. 

The  same  principle  is  applied  in  railroad  cars  and  locomotives 
in  a  manner  impracticable  for  either  horse  or  motor  carriages. 
Here,  although  the  wheels  are  always  rigidly  attached  in  pairs  at 
either  extremity  of  rotating  through  axles,  and  in  fours  to  the 
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Fio.  41.— Tlfe  Loomfs  Steering  Head.  This  device  differs  from  the  oonyentioiial  yoke  and 
pivot  arrangement  iu  the  fact  that  the  yoke  is  on  the  stud  axle  instead  of  the  axle- 
tree  end,  and  is  offset  from  the  end  centre,  thus  allowing  of  a  castor  movement. 

trucks,  composed  of  two  parallel  through  rotating  axles  with 
their  attached  wheels,  the  differing  concentric  arcs  described  by 
the  two  rails  of  the  track  in  rounding  a  curve  are  followed. 

Constructional  Theory  of   Railroad  Wheels. — ^As    may   be 

readily  understood,  the  theoretical  requirements  to  enable  the 
wheels  on  the  axles  of  a  railroad  car  to  perfectly  follow  both  rails 
of  a  curved  track  involves  that  they  be  constructed  to  form  a 
cone,  whose  apex  is  at  the  centre  of  the  described  arc  and  whose 
base  is  the  outside  face  of  the  outer  wheel.  In  other  words,  the 
wheel  nearest  the  centre  of  the  curve  would  have  to  be  made 
of  smaller  diameter  than  the  other,  which,  although  the  theoreti- 
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cally  perfect  construction  for  curves,  would  render  the  car  useless 
for  straight-ahead  travel,  if  practically  carried  out.  To  accom- 
plish the  desired  end,  however,  car  wheels  have  been  made  with 
a  cone-shaped  tread — forming,  in  fact,  a  double  cone — ^the  base 
of  the  cone  being  against  the  flange  of  the  wheel.  In  turning  a 
curve,  then,  the  outer  wheel,  impelled  by  centrifugal  force,  rotates 


IX-— 


Fio.  42.~The  Cloned  Tread  of  a  Railroad  Car  Wheel,  intended  to  allow  the  two  wheels  to 

descrihe  ooncentric  arcs  in  turning  cunres. 


Fio.  48.-~Poeition  of  the  Wheels  of  a  Railroad  Car  on  the  Rails  in  Turning  a  Curve. 

on  its  largest  diameter,  while  the  inner  wheel,  from  the  same 
cause,  rotates  on  its  smallest.  Thus  is  approximated  the  require- 
ment that  the  two  wheels  on  an  axle  should  run  on  diflFerent 
diameters  in  making  a  curve.  In  practice  the  stress  and  friction 
of  travel  eventually  wears  down  the  coned  surface,  particularly 
at  the  flange  of  both  wheels,  where  it  is  most  needed,  leaving  con- 
siderable of  the  compensatinjc^  effect  on  curves  to  the  slipping 
of  the  wheels  on  the  rails,  or  to  the  angular  difference  due  to  ele- 
vating the  longer,  or  outer,  rail  of  the  track. 
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Angles  of  the  Steering  Axles. — With  an  understanding  of 
the  positive  necessity  of  providing  some  means  to  keep  both  the 
steering  axles  of  a  motor  carriage  on  radii  from  a  common  centre, 
in  order  to  neutralize  the  tendency  to  side  slip  and  skidding,  and 
secure  positive  control  of  the  vehicle's  direction,  it  is  evident  that 
some  arrangement  must  be  included  for  varying  the  angles  of 


Fia.  44.~Diagram  niustrating  the  Position  of  the  Steering  Wheels  in  Taming.  As  will 
be  seen,  they  both  are  tangential  to  arcs  described  on  a  common  centre,  as  is  neces- 
sary; in  order  to  describe  such  concentric  arcs  and  give  positive  steering,  when  the 
motive  impulse  is  from  behind. 

the  two  from  the  transverse  axle  bar.  As  may  be  readily  under- 
stood, when  a  carriage's  travel  is  changed  from  the  straight- 
ahead  direction  to  a  curve,  the  steering  wheel  moving  on  the 
in-track,  or  smaller  arc,  must  assume  a  greater  angle  at  the  axle 
than  the  outer  wheel,  which  moves  on  the  larger  of  the  two  con- 
centric arcs.  It  is  further  evident  that  such  variation  of  axial 
angles  must  be  accomplished  by  some  device  at  the  steering  arms 
of  the  stud  axles.  If  these  steering  arms  be  fixed  at 
right    angles    to    the    axles,    so    that    the    transverse    drag- 
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link  is  of  a  length  about  identical  with  the  distance  between  the 
wheel  bases,  any  effort  to  turn  the  wheels  in  steering  will  shift 
the  angles  of  both  arms  with  the  fixed  axle-tree  equally,  hence, 
causing  the  axles  to  assume  positions  as  radii  from  diflFerent  cen- 
tres. The  result  will  be  that  the  outer  wheel  will  describe  an  arc 
tending  to  cross  those  described  by  all  the  other  wheels,  and 
may  slide  or  rub,  without  revolving,  as  much  as  one  foot  in  every 


FkQ^  45. 


Fio.  46. 


Fia.  47. 


Fios.  45,  46  and  47.— Diagrams  of  Motor  Carriage  Forward  Axles,  showing  three  arrange- 
ments of  link  bars  and  steering  arms.  In  the  flrst  the  steering  arms  are  inclined  in- 
ward at  the  reaulred  angle  and  connected  across  the  carriage  width  by  a  single  link. 
In  the  second  the  steering  arms  are  fixed  at  right  angles  to  the  axle-tree,  and  the 
angle  of  inclination  is  made  at  a  centre  pivoted  bell  crank.  In  the  third  the  angle  of 
inclination  is  divided  between  the  steering  arms  and  the  central  bell  crank.  Theo- 
retically, the  sum  of  the  angles  in  the  third  figure  is  equal  to  that  in  the  first,  and  to 
the  angle  of  the  bell  crank  m  the  second. 

six.  Such  a  procedure  must,  of  course,  retard  the  progress  of  the 
vehicle  very  seriously,  and,  from  the  uncertainty  of  steering  in- 
volved, must  be  particularly  troublesome,  even  dangerous,  on 
narrow  turns.  It  is  evident  in  this  case  that  the  outer  wheel 
axle  is  at  too  great  an  angle,  or  that  the  inner  is  at  too  small  an 
angle.  The  simplest  method  of  at  once  obviating  this  trouble 
and  also  securing  the  proper  angles  of  the  axles  is  to  incline  the 
two  steering  arms  inward  from  the  right  angle  and  make  the 
transverse  drag-link  shorter  than  the  distance  between  the  axle 
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pivots.     If  the  drag-link  be  forward  the  axle-tree,  the  steering 
arms  are  inclined  outward. 

With  this  arrangement,  as  may  be  readily  understood,  any 
effort  to  change  the  direction  of  the  travel  will  cause  the  arm  of 
the  outer  wheel  to  approach  the  right  angle  with  the  transverse 
through  axle  bar,  and  cause  the  arm  of  the  inner  wheel  to  move 
proportionately  away  from  the  right  angle.  Moreover,  since  the 
end  of  the  transverse  drag-link  attached  to  this  inner  axle-arm 
must,  in  the  act  of  thus  widening  the  angle,  be  approached  nearer 
and  nearer  to  the  immovable  through  axle  bar,  it  must  describe 


Ltona  ot  the  FoohBrd  Corrlajcea.    The  spindle  i 

shown.  This  HwltiRs  an  arm  and  moves  Ihc  droL-Unk  nttiu^lied  toUiearm  at  the  hue 
or  the  Htecrinit  head.  The  tranBverse  dr»c-li"K  connectiriK  the  Iwn  Kl^-rinc  hpads 
IH  attached  to  the  arm  eilendlnjc  from  the  front  or  the  carriane.  The  link  between 
the  Btrerini;  head  and  the  scrtor  arm  \\an  tmll  joiiiU  and  iraii  lUlJUHt  the  dialaiioe  aa 
the  carrlat^  rises  aud  falls  on  the  sjiriDgii. 

an  arc,  thus  passing  through  a  greater  number  of  degrees  than 
will  the  opposite,  or  outer,  end.  Consequently,  the  object  of  se- 
curing a  greater  angular  inclination  for  the  axle  of  the  inner  wheel 
will  be  accomplished  and  the  proper  difference  for  all  usual  con- 
ditions between  the  angles  of  the  two,  approximated.  That  is, 
although  it  generally  happens  that  the  angular  inclination  of  the 
steering  arms  works  best  on  curves  of  radius  midway  between 
the  extremely  long  and  extremely  short,  it  has  been  found  that 
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the  difference  is  not  sufficiently  great  to  disturb  the  parallelism 
of  the  described  arcs  or  cause  damaging  slips  and  skidding. 
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Arrangement  of  the  Steering  Handle.— The  steering  arms 
on  the  pivoted  axle  bosses  are  connected  across  the  width  of  the 
carriage  by  a  drag-link  bar,  which  transmits  the  impulses  given 
at  the  wheel  or  lever  by  the  driver's  hand.  Most  often  the  at- 
tachment is  made  by  a  second  link  bar,  attached  at  one  end  to 
one  of  the  steering  arms,  and,  at  the  other,  to  the  steering  wheel 
or  lever,  so  that  this  particular  arm  is  dragged  or  pushed,  ac- 
cording to  the  desired  direction  in  steering.  The  majority  of 
American  motor  carriages  are  equipped  with  a  handle  and  lever 
— sometimes  in  the  centre  of  the  vehicle,  sometimes  at  the  side — 
while,  in  Europe,  the  hand  wheel  is  the  most  typical  arrangement. 
The  accompanying  diagrams  show  several  typical  methods  of 
arranging  the  steering  mechanism  with  reference  to  the  steering 
link.  One  of  the  most  common  devices  is  that  used  in  vehicles 
of  the  De  Dion  voiturette  type,  described  as  the  "ordinary  bicycle 
steering."  The  handle  bar  and  post  may  be  vertical  or  inclined, 
and  is  connected  with  the  steering  device  in  front  by  link  rods, 
gears  or  chains.  On  some  of  the  Panhard  vehicles  the  link  bar 
actuating  the  steering  arm  is  jointed  to  a  toothed  sector  which 
engages  a  worm  thread  on  the  end  of  the  rearwardly-inclined 
shaft  of  fhe  hand  wheel  before  the  driver's  seat. 

As  regards  lever  steering  and  wheel  steering  it  is  mostly  a 
matter  of  design.  The  first  objection  to  the  lever  that  occurs 
to  the  mind  of  a  novice  is  that,  if  attached  to  a  vertical  steering 
head  and  of  sufficient  length  to  be  convenient  to  the  driver's 
hand,  a  larger  arc  will  be  described  than  is  perfectly  comfortable. 

On  this  account,  however,  most  lever  steerings,  operate  not  di- 
rectly on  the  steering  head,  but  through  intermediate  levers  by 
which  the  pow-er  may  be  varied  to  suit  the  requirements  of  each 
turn.  Generally  speaking,  a  short  steering  lever  turned  at  a 
considerable  angle  to  produce  the  required  deflection  of  the 
steering  gear  is  preferable,  although,  in  reality,  it  becomes  a  re- 
duced and  modified  form  of  steering  wheel.  By  lessening  the 
load  on  the  front  of  the  carriage,  by  properly  inclining  the  steer- 
ing heads,  and  by  providing  to  avoid  all  lost  motion,  the  steering 
effort  may  be  so  reduced  as  to  make  possible  the  use  of  a  short 
lever,  such  as  is  used  on  the  Duryea  and  De  Dion  vehicles,  with 
the  accompanying  advantages  of  easy,  ready  handling  and  small 
arcs. 
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Practical  Points  on  Steering  Angles. — In  general,  the  steer- 
ing angle  of  an  automobile  carriage,  which  is  to  say  the  sum  of 
the  inclinations  of  the  two  steering  arms  from  the  right  angle,  is 
between  fifty  and  sixty  degrees,  giving  an  inclination  for  each 
arm  of  between  twenty-five  and  thirty  degrees.  Some  of  the  best 
makes  of  carriage  have  it  at  or  about  twenty-five  degrees.  As 
shown  in  the  accompanying  diagrams,  however,  various  de- 
signers have  modified  the  typical  arrangement  of  inclining  the 
steering  arms  inward  and  using  a  short  drag-link  to  connect 
them.  Some  have  adopted  the  device  of  placing  the  arms  at  right 
angles  and  using  a  link  in  two  sections  connected  to  a  fork  or 
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Fio.  68.— Steering  Arrangement  of  the  Clarkson-Capel  Steam  Wagon.  The  spindle  of  the 
steering  wheel  carries  a  screw  at  its  end,  which  works  a  boss,  aa  the  wheel  is  turned, 
thus  actuating  the  lever  and  drag-link  attached  to  the  arm  of  one  of  the  axle  pivots. 

bell  crank  having  the  total  required  angle,  fifty  or  sixty  degrees, 
and  pivoted  at  the  centre  of  the  fixed  axle  bar.  Others  have  so 
combined  this  with  the  first-named  construction  as  to  divide  the 
angle  between  the  centre-pivoted  bell  crank  and  the  steering 
prms,  making  the  former,  say  thirty  degrees  and  the  two  latter 
fifteen  decrees  each.  The  primary  object  achieved  in  either  of 
these  devices,  as  compared  with  those  previously  named,  is  to 
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ensure  the  end  of  ready  manipulation  of  the  steering  lever.  The 
first-named  construction  is  the  one  best  suited  to  carriages  hav- 
ing the  steering  pivot  in  the  theoretically  correct  place — within 
the  hub.  When  for  structural  reasons  the  transverse  drag-link 
bar  is  placed  in  front  of  the  axle-tree,  a  position  preferred  by  sev- 
eral manufacturers,  the  steering  arms  attached  to  the  bosses  ot 
the  swinging  axles  are  inclined  outward,  instead  of  inward,  at 
the  angles  found  most  suitable  with  reference  to  the  width  of  the 
vehicle  between  the  wheel  pivots  and  to  the  diameter  of  the 
wheels.  A  very  useful  construction,  used  on  the  Duryea  car- 
riages and  others,  is  to  incline  the  upper  end  of  the  axle  boss, 
or  pivot,  inward  toward  the  centre  of  the  vehicle,  so  that  a  line 
drawn  through  the  axis  touches  the  ground  at  the  centre  of  the 
pneumatic  tire.  This  achieves  not  only  the  desirable  end  of  cen- 
tre-steering, as  already  mentioned  above,  but  also  allows  a  cer- 
tain inclination,  or  rake  to  the  steering  wheels,  as  in  a  bicycle, 
when  making  a  turn.  The  rake  is  a  positive  advantage  to  ready 
steering  qualities,  when  the  inclination  of  the  axle  pivot  is  not  at 
so  great  an  angle  as  to  bring  unusual  side  strain  on  the  wheels. 
Other  things  being  equally  favorable,  it  is  also  efficient  in  re- 
ducing the  steering  effort. 


Fio.  S8.— SteerinfT  Arrangement  of  the  Amad^  Bolee  Steam  Coach  (1881).  A  hand  wheel 
■plndle  carries  a  spur  pinion  at  its  base,  which  working  on  an  internal  f?eared  sector, 
as  shown,  operates  the  bell  crank,  actuating  the  two  transTerae  drag-links. 


CHAPTER    FOUR. 


VARIOUS      DEVICES      FOR     COMBINING     THE     STEERING     AND 

DRIVING    FUNCTIONS. 

Front  Driving  and  Steering.^  It  will  require  very  little  re- 
flection to  understand  that  to  drive  direct  on  a  pivoted  steering 
wheel  must  involve  a  peculiar  and  carefully  adjusted  gearing,  so 
that  the  two  functions,  driving  and  steering,  may  be  exercised 
without  interference.  Were  it  possible  always  to  apply  the  power 
to  the  forward  wheels  it  would  be  advantageous  in  a  number  of 
particulars.  Since,  however,  its  accomplishment  demands  the 
use  of  crown  or  bevel  gears,  with  a  consequent  strength  and 
weight  of  construction,  it  is  not  perfectly  practicable  in  the  lighter 
patterns  of  motor  carriages.  The  accompanying  figure  of  a  com- 
bined driving  and  steering  device,  as  used  in  some  of  the  Hurtu 
electric  cabs,  shows  one  arrangement  of  gearing  for  accomplish- 
ing the  result.  Here  /  is  the  armature  of  the  motor,  NN,  the 
magnets  and  B,  a  frame  supporting  the  armature  spindle  which 
rotates  on  the  axis,  XX.  To  this  spindle  is  attached  the  spur 
pinion,  F,  which  meshes  with  the  pinion,  r,  turning  on  the  axis, 
37,  within  the  boss  of  the  steering  pivot.  The  spur  pinion,  r,  is 
made  in  one  piece  with  the  bevel  pinion,  a,  and  this  latter  engages 
the  toothed  bevel  ring,  6,  which  is  clamped  to  the  spokes  of  the 
wheel,  RR.  As  may  be  understood,  it  is  possible  to  swing  the 
wheel,  RRy  on  the  axis,  yy,  fixed  in  the  yoke,  £,  without  inter- 
fering with  the  transmission  of  driving  power  from  the  pinion,  a, 
to  the  bevel  ring,  6,  thus  permitting  the  vehicle  to  be  steered  and 
driven  on  the  same  wheel. 

A  more  recently  patented  device  of  the  same  description  for 
electric  wagons  uses  a  separate  axle  for  each  steering  driver,  on 
which  is  mounted  a  separate  motor.  The  power  is  transmitted 
by  a  spur  pinion  engaging  an  internally-geared  ring  secured  to 
the  spokes  of  the  wheel,  and  the  whole  device,  axle,  motor  and 
wheel,  being  pivoted  to  the  end  of  a  rigid  transverse  bar,  may  be 
turned  by  the  steering  gear.    The  steering  pivots  are  operated  by 
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a  worm  gear  at  the  top  of  each  being  engaged  by  a  worm  pinion  at 
the  extremity  of  a  transverse  rotatable  bar.  In  either  of  these 
devices  the  act  of  steering  may  be  accomplished  without  moving 
the  motor  armature. 


Tia.  H.  Fib.  W. 

Via.  51— Hotor  8t«erlDs  Wheel  of  the  Hortu  Caba.  A  dra«-11nlc  atiacbed  to  the  Hm  of 
the  pivots  can  turn  tha  wbeels  wlcbnut  dlsturblne  the  aperatlon  of  the  motor. 

Fio.  K.— SteerlDE  Hotor  Wheel  Airan^ment,  by  nhich  a  worm  gear  and  plninn  device, 
actuated  u  Bhown  by  b«»el  Rears,  turn*  the  stud  aile  entirely  Bround  with  the  at- 
tached lootar  and  gearing,  vithout  mlemiptlng  a  stead;  drive. 

All-Wheel  Driving Numerous  devices  have  been  introduced 

for  the  purpose  of  driving  on  all  four  wheels  of  a  motor  carriage. 
Most  such  are  objectionable,  however,  on  the  ground  of  greatly 
complicating  the  mechanism  and  thus  proving  nearly  impracti- 
cable for  lighter  kinds  of  vehicles.  The  accompanying  figure 
shows  one  of  the  best  of  these,  the  subject  of  a  recently  granted 
patent.  As  may  be  seen,  the  driving  is  by  two  shafts  and  two 
sleeves  running  in  the  length  of  the  carriage,  and  transmitting  the 
rotative  movement  from  two  separate  trains  of  bevel  gears  to  the 
front  and  rear  wheels  bv  sets  of  universal  joints.  The  front 
wheels  rotate  in  pivoted  bearings,  so  as  to  be  effectually  turned 
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in  Steering,  without  interfering  with  their  motion  on  their  own 
axes,  or  in  any  way  altering  the  action  of  the  motor.  As  may  be 
readily  understood,  a  proper  arrangement  of  bevel  gearing  at  the 
pinions  attached  to  the  rotating  shafts  and  sleeves  will  give  the 
effect  of  compensating  the  speeds  of  the  two  rear  wheels  in  turn- 
ing, according  to  the  principles  previously  explained. 


Fio.  66.— Recently  Pa4»nted  Dertce  for  DrtTing  on  all  Four  Wheels  by  a  Svstem  of  Unl- 
veraal  joints.  The  steering  arms  are  not  inclined,  since  the  wheels  being  driven  fol- 
low their  paths  without  slipping. 

All- Wheel  Drivlns:  and  Steerinsr.—  The  advantages  to  be 
gained  in  a  practical  device  for  applying  power  to  all  the  wheels 
are  still  further  enhanced  by  the  additional  feature  of  steering 
with  all  four.  This  is  desirable,  if  we  wish  such  advantages  as 
come  by  driving  on  the  front  wheels  and  steering  with  the 
rear.  To  steer  with  the  rear  wheels  only  is  not  always  prac- 
ticable. When  the  front  wheels  only  are  driving  it  is  impos- 
sible to  propel  the  carriage  up  a  steep  hill,  owing  to  the  shift- 
ing centre  of  gravity.  With  the  Cotta  steam  carriage  the  power 
is  divided  by  a  quadruple  compensating  gear  into  four  equal  and 
independent  parts,  and  is  then  transmitted  to  each  of  the  four 
wheels,  which  are  30  inches  diameter  with  2^-inch  tires.  By 
this  arrangement  the  wheels,  each  being  independent  of  the 
others,  are  allowed  freedom  in  speed  in  passing  over  obstructions 
or  unevenness  in  the  roadway  without  reference  to  the  travel  of 
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any  of  the  others,  and  under  all  conditions  each  wheel  receives 
one-fourth  of  the  power,  and  does  its  share  of  the  propelling  of 
the  vehicle.  It  is  plain  to  see  the  necessity  of  such  a  compensat- 
ing device,  when  we  consider  that,  on  a  perfectly  smooth  road- 
way and  traveling  straight  ahead,  each  wheel  would  make  a 
different  number  of  revolutions  in  a  given  distance,  owing  to  the 
fact  that  it  is  impossible  to  have  tires  inflated  exactly  alike,  and 


FiQ.  D8.— The  Pretot  Fore-Carriain  Bhown 
ment  [■  od  a  ttfth  wheel  runnLiiK  on  n 
tloni  with  the  Hteerlns  hBiid  wlieel. 

also  that  some  wheels  will  carry  more  weight  than  others,  de- 
pressing some  tires  more  than  others  and  giving  them  a  dimin- 
ished radius  and  less  circumference. 

"The  Cotta  steering  pivot  is  in  the  direct  centre  of  the  wheels, 
the  wheels  only  oscillating  in  turning  a  curve,  doing  away  with 
all  side  jar  on  the  steering  lever  on  rough  roads,  so  objectionable 
in  other  vehicles.  As  this  vehicle  is  intended  to  be  a  success  on 
bad  roads  as  well  as  good  ones,  the  makers  have  arranged  to 
guide  all  four  wheels,  bringing  the  rear  wheels  around  in  the 
same  track  as  the  front  ones  in  rounding  a  curve,  and  making 
but  two  tracks,  instead  of  four,  when  in  the  mud,  making  it  as 
easy  to  travel  on  a  curve  as  straight  ahead." 

A«  to  Rear  Steering. —  In  considering  some  of  the  advantages 
to  be  derived  from  front  driving  arrangements,  the  idea  of  steer- 
ing with  the  rear  wheels  only  might  seem  equally  advantageous 
to  some  minds.  But  this  is  impracticable  for  motor  carriages, 
since  its  adoption  would  mean  the  destruction  of  good  steering 
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qualities.  The  situation  is  well  expressed  in  the  "Horseless 
Age":  "The  objections  to  rear  steering  are  that,  when  a  car- 
riage is  standing  near  a  curb,  it  is  impossible  to  turn  off  sharply, 
as  the  steering  wheel  (rear)  would  run  into  the  curb ;  and  that, 
when  near  a  ditch  or  impassable  section  of  the  road,  in  order  to 
turn  away  from  these,  the  steering  wheels  (rear)  must  first  run 
toward  them,  which  may  lead  to  difficuhies." 

Automobile  Fore-Carriages  and  flotor  WlieeU.  —  Among 
other  solutions  of  the  important  problem,  as  some  consider  it,  of 
combined  driving  and  steering  on  the  front  wheels,  may  be  men- 
tioned such  devices  as  the  Pretot  fore-carriage,  manufactured  in 
France  and  England,  and  also  introduced  in  the  United  States. 
As  shown  by  the  accompanying  figure,  this  device  is  a  two- 
wheeled  truck,  which  may  be  attached  to  almost  any  vehicle  by 
slight  alteration,  and  capable  of  being  turned  for  steering  on  a 
kind  of  fifth  wheel  arrangement  running  on  rollers.  The  fore- 
carriage  itself  contains  a  gasoline  motor  of  between  five  and  ten 
horse-power,  with  suitable  transmission  gear,  permitting  three 
speeds  forward  and  a  reverse,  and  is  controlled  by  the  single  lever 
to  the  rear  of  the  steering  wheel.  Fuel  for  the  motor  is  carried  in 
the  receptacle  in  front  of  the  dash-board.  It  is  claimed  that  this 
device  permits  easy  motion  of  the  vehicle  and  absolute  control, 
together  with  ready  steering  qualities.  An  American  invention 
of  somewhat  similar  description  is  the  International  Motor 
Wheel,  which  is,  briefly,  a  single  forward  drive  wheel,  carrying 
on  its  frame  a  double  cyKnder  gasoline  motor  and  its  fly-wheel. 
The  frame  may  be  clamped  to  the  front  of  any  vehicle,  which  may 
be  steered  by  a  brake-wheel  working  on  a  spur  gear.  One  ad- 
vantage of  the  device  is  that  no  reverse  contrivance  is  necessary ; 
the  wheel  needing  only  to  be  turned  completely  around  in  order 
to  back  the  carriage  when  the  motor  is  started. 

The  American  Bicycle  Co.  recently  put  on  the  market  a  three- 
wheeled  carriage — the  "Trimoto" — capable  of  seating  two  per- 
sons and  giving  a  speed  of  twelve  miles  per  hour.  As  in  the  last- 
named  contrivance,  the  motor,  as  well  as  the  gasoline  receptacle, 
are  slung  on  the  frame  of  the  forward  single  wheel.  Steering  and 
motor  control  are  both  achieved  by  a  single  lever  coming  to  the 
driver's  hand  over  the  dashboard. 
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The  Conditions  for    Qood  Traction    and    Steering. — Such 
machines  as  above  described  work  very  well  on  good  and  level 

roads,  bui,  as  a  general  principie,  hanging  the  motor  in  front  in- 
volves insufficient  traction  and  causes  the  forward  wheel  to  skid 
even  on  slight  hills,  when  the  weight  is  mostly  over  the  rear  axle. 
In  the  early  days  of  motor  carriage  construction  it  was  com- 
monly believed  that  overloading  the  rear,  or  drive-wheels,  in- 
volves skidding,  whereas  the  reverse  is  true,  and  ai  the  present 


<d  In  New  TorV  City. 
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time  the  rule  is  to  make  them  carry  the  greater  part  of  the  load, 
in  order  to  promote  traction.  It  is  obvious,  then,  that  the  rear 
axle  is  most  logically  the  drive  axle,  since,  when  ascending  hills 
the  bulk  of  the  weight  must  come  upon  it  on  any  theory  of  con- 
struction. Moreover,  it  must  also  properly  be  the  load-carrier, 
since,  as  has  been  frequently  demonstrated,  any  attempt  to  place 
the  greater  weight  in  front  only  complicates  difficulties.  Car- 
riages constructed  to  carry  the  load  on  the  front  axle  have  fre- 
quently exhibited  the  tendency  to  slip  sideways,  particularly 
when  the  brake  has  been  suddenly  applied.     It  has  not  been  an 
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uncommon  thing  that  such  carriages  would  turn  completely 
around  on  a  greasy  street,  when  propelled  by  sufficient  power  to 
cause  the  wheels  to  slide.  It  has  also  been  found  that  any  ar- 
rangement that  will  prevent  slipping  forward  will  also  do  away 
with  the  danger  of  slipping  sideways.  Hence,  a  weil-loaded  rear 
driving  axle  may  be  considered  a  permanence,  not  to  say  a  practi- 
cal necessity  in  motor  carriage  construction. 


CHAPTER  FIVE* 

THE  UNDERFRAMES  OF  MOTOR  CARRIAGES. 

Frames  lor  Motor  Carria^res. — In  general,  it  may  be  said, 
the  problems  involved  in  the  construction  of  motor  carriage 
underframes  are  comparatively  simple.  They  must  embody 
lightness  and  strength,  firmness  and  some  flexibility,  and  suffi- 
cient solidity  to  resist  the  destructive  effects  of  motor  vibration. 
The  last-named  consideration  is  of  particular  importance  in  the 
construction  of  gasoline  carriages,  but  is  to  a  certain  extent  true 
also  of  steam  carriages,  since  even  with  the  best-constructed  en- 
gine of  the  latter  variety,  the  long-continued  stress  of  vibration 
is  liable  to  produce  strain  and  breakage,  if  not  properly  calcu- 
lated. In  other  particulars  the  frame  of  a  horse-drawn  vehicle  is 
fairly  typical,  except  in  so  far  as  the  conditions  involved  in 
mounting  a  motor  necessitate  consideration  of  new  centres  of  re- 
sistance to  strain. 

Horse  Carrias:es  and  Motor  Carriaj^es.  — The  general  situa- 
tion as  regards  the  constructional  relaition-s  of  the  underframes 
for  horse  carriages  and  motor  carriages  has  been  summed  by  Mr. 
Woods,  as  follows :  "The  trouble  has  usually  been  that  engineers, 
electricians  and  mechanicians  have  been  the  original  authors  of 
the  automobile,  and  their  minds  have  been  so  concentrated  upon 
the  development  and  perfection  of  the  mechanical  and  electrical 
parts  that  they  have  entirely  ignored  the  artistic  side  of  it.  This 
was  undoubtedly  brought  about  by  the  indifference  and  skepti- 
cism, as  well  as  opposition,  offered  the  advancement  of  the  motor 
vehicle  from  legitimate  carriage  manufacturers,  to  whom  such 
men  refrained  from  going  for  advice.  There  is  no  question  but 
that  this  problem  belonged  to  the  carriage  manufacturers,  and, 
had  they  taken  hold  of  it  in  time,  they  would  have  preserved 
to  themselves  an  industry  which  they  rightly  had  earned  by  prior 
experience  and  conceptions  as  carriage  producers.  *  ♦  *  * 
Another  point  of  construction  is  bicycle  tubing,  or  tubing  of  that 
nature,  for  frame  work  or  running  gears — ^in  other  words,  bicycle 
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construction  for  supporting  the  carriage  and  its  weight,  as  com- 
pared with  regular  and  well-known  carriage  methods  of  construc- 
tion. Tubing  can,  without  doubt,  be  made  strong  enough,  but 
that  is  not  the  question  altogether.  We  must  have  the  entire 
carriage  construction  in  such  shape  that  it  can  be  repaired  by 
the  same  class  of  artisans,  blacksmiths,  etc.,  that  is  now  employed 
by  the  carriage-makers  throughout  the  country.  ***** 
A  motor  vehicle  should  be  constructed  in  all  of  its  iron  work, 
its  running  gear  and  axles,  the  method  of  putting  on  its  springs, 
etc.,  as  nearly  as  possible  after  the  methods  now  in  existence  in 
the  carriage  world,  using,  as  far  as  practicable  throughout  the 
vehicle,  standard  carriage  hardware.  In  this  way  the  purchaser 
of  an  automobile  has  a  resource  at  his  own  door  for  such  repairs 
as  he  may  need  from  year  to  year  in  addition  to  his  regular  paint- 
ing, varnishing  and  trimming  repairs." 


Steel  Tubins:  Framework.— There  are  two  principal  ob- 
jects sought  in  the  use  of  tubular  framev;ork  for  motor  carriages 
— strength  and  lightness.  These  desiderata,  which  are  possible 
in  cycles  only  with  this  style  of  construction,  are  less  prominent 
in  automobiles.  Thus  it  is  that,  while  the  majority  of  European 
machines  still  adhere  to  its  use,  there  is  a  strongly-marked  ten- 
dency in  America  toward  angle  iron  frames,  and  even  more  fa- 
miliar combinations.  By  the  use  of  brazed  joints  tubular  frame- 
work is  rendered  immensely  strong;  for,  as  is  asserted  by  numer- 
ous bicycle  authorities,  breakage  practically  never  occurs  at  the 
joints.  But  to  properly  repair  damage  requires  the  insertion 
and  brazing  of  fresh  tube  lengths,  which,  itself,  involves  special 
facilities.  Another  objection,  obviously  to  be  derived  from  ex- 
isting tubular  structures,  is  that  the  advantages  gained,  in  point 
of  combined  strength  and  lightness,  are  very  largely  neutralized 
by  the  necessity  of  extra  bracing  and  greater  complexity,  quite 
readily  escaped  with  the  use  of  angle-iron  framework.  Thus  it  is 
that  Mr.  Woods,  as  above  quoted,  can  assert  that  tubular  frame- 
work in  a  4.900  pound  electri  •  cab  saves  only  about  200  pounds 
weight,  while,  as  we  may  readily  discover,  the  desirable  end  of 
simple  structure  is  not  particularly  advanced.  Furthermore,  the 
aesthetic  considerations  of  the  situation  are  rather  against  a  prac- 
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tice  necessitating  the  use  of  clumsy-looking  pipes,  when  lighter 
structures  can  quite  as  readilj'  subserve  the  same  ends. 

The  Stanley  Tubing:  Underfranie The  Stanley  underframe, 

used  in  the  "Locomobile"  and  several  other  steam  carriages  is 
one  of  the  most  representative  constructions  of  its  class.  As 
shown  in  the  accompanying  figure,  the  front  and  rear  axle  shafts 
are  inserted  into  straight  cross  tubes,  which  are  brazed  to  arched 
cross  tubes,  intended  to  lend  additional  strength  and  serve  as 
supports  for  the  longitudinal  reach  tubes.  These  reach  tubes, 
two  in  number,  are  swivel-jointed  to  the  arched  cross  tubes,  as 


m  the  "  Locomobile  "  and  seTerol  otber 

shown,  and  further  secured  in  place  by  stay  pieces  swiveled  at 
the  four  comers  of  the  frame  and  ring — jointed  loosely  on  the 
reach  tubes.  This  construction  permits  some  flexibility  on  rough 
roads.  The  rear  cross  tube  is  divided  at  the  centre  to  admit  the 
sprocket  and  brake  drum,  with  the  contained  differential  gear. 
As  additional  security  the  two  ends  are  rigidly  joined  to  the 
arched  tube  by  perpendicular  stay  rods,  and  connected  together 
by  a  nearly  circular  guard  plate  surrounding  the  sprocket  and 
brake  drum.  The  forward  arched  cross  tube  supports  the  for- 
ward spring,  which  is  fixed  transversely  under  the  body  of  the 
carriape.  and  in  front  of  the  vertical  axis  post  of  the  steering  lever. 
The  rear  springs  are  arranged  longitudinally  on  either  side  of  the 
carriage,  being  bolted  to  the  seats  shown  half  way  on  the  curve 
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of  the  rear-arched  cross  tube.  The  boiler  and  engine,  as  may  be 
seen  in  a  later  figure  of  the  "Locomobile"  carriage — and  this  is 
the  most  approved  arrangement  for  motors  of  every  variety — are 
disposed  within  the  body,  beneath  and  to  the  rear  of  the  seat, 
forward  of  the  rear  axle.  This  arrangement  overcomes  many 
difficulties  involved  in  attaching  them  direct  to  the  underframe, 
and  is  perfectly  practicable;  since  the  springs,  in  compression, 
move  in  a  line  tangential  to  the  circumference  of  the  sprocket 
wheel,  thus  merely  shifting  the  radial  line  between  the  sprocket 
wheel  and  pinion,  and  enabling  the  chain  to  transmit  the  power 
without  interruption.    This  could  not  be  the  case  were  the  motor 


Fig.  02.— The  Flexible  Underframe  of  the  Beading  Steam  Carriage. 

suspended  immediately  above  the  sprocket,  nor  would  the  effect 
of  steady  driving  be  any  better  achieved  by  suspending  it  on  the 
underframe  below  the  springs,  as  is  still  done  by  some  manufac- 
turers. 


The  Reading  Tubular  Frame. — Another  tubular  frame,  also 
intended  for  steam  carriage  use,  is  shown  in  the  accompanying 
figure.  In  it,  as  in  the  Stanley  frame,  there  are  transverse  axle 
tubes  at  front  and  rear,  the  latter  being  similarly  divided  at  the 
centre  for  the  sprocket  and  brake  drum.  The  longitudinal  reach 
rods,  however,  instead  of  running  parallel  and  at  right  angles  to 
the  axles,  are  disposed  so  as  to  form  a  nearly  complete  triangle, 
with  the  forward  axle  tube  as  the  base  and  the  sprocket  near  the 
apex.    The  joints  on  the  forward  axle  are  swivclcd,  and  on  the 
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rear  axle  are  ring  pivots,  so  as  to  permit  the  distortion  shown  in 
the  figure  on  rough  or  uneven  roads.  The  stay  rods  at  either  side 
of  the  reach  tubes,  joining  them  to  the  rear  axle  tube,  are  also 
pivoted,  as  shown,  thus  assisting  the  flexibility,  while  increasing 
the  strength.  The  forward  arched  cross  tube  of  the  Stanley  frame 
is  replaced  here  by  a  semi-elliptical  spring,  while  the  same  feature 


Fro.  SB.— Tho  Tubular  FleiLble  tJnderframe  of  the  MoKay  CuTiage,  alioiflnB  the  double 

on  the  rear  axle  is  here  made  continuous  with  the  axle  bearings, 
to  which  are  brazed  the  centre-divided  axle  tubes,  the  three  being 
connected  and  brazed  to  stay  rods.  The  rear  spring,  also  semi- 
elliptical,  is  jointed  to  the  arched  cross  tube  near  the  rear  axle 
bearings.  The  rear  axle  shaft,  however,  is  rigid  with  the  car- 
riage body  containing  the  motor,  so  that  no  distortion  of  the  kind 
pictured  can  interfere  with  the  steady  drive. 

Other  Flexibility  Devices.— Several  other  carriages  attain  the 
end  of  a  flexible  and  distortible  underframe  by  a  three-point  sup- 
port and  a  swivel  joint  at  the  centre  of  the  forward  axle  shaft. 
This  gives  the  same  general  effect  on  uneven  roadways,  as  is 
shown  in  the  figure  of  the  Reading  carriage,  allowing  the  four 
wheels  to  nin  on  different  planes,  but,  as  is  held  by  some  aulhon- 
ties,  it  is  not  as  efficienl  in  absorbing  undue  vibration,  as  some 
system  of  jointure  involving  a  four-point  support.     It  has,  how- 
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ever,  been  adopted  with  apparently  good  results  in  carriages  of 
all  descriptions.  The  "Steamobile"  steam  carriage  has  the  reach 
rods  coming  together  in  an  angle  to  the  front  of  the  frame,  and 
swiveled  at  the  centre  of  the  forward  axle  shaft  in  a  yoke,  which 
carries  the  axle  and  allows  it  even  greater  play  in  passing  over 
obstructions  than  is  possible  even  with  other  methods  of  swivel- 
ing.  In  this  carriage  the  forward  spring  is  of  the  usual  elliptical 
construction,  placed  transversely,  or  parallel,  to  the  axle  shaft. 


Fxo.  66.— Angle  Iron  Underframe  with  swivel  Joint  at  centre  of  front  axle. 


and  attached  at  the  top  of  the  swivel  yoke.  This  arrangement  is 
fairly  typical  of  the  usual  three-point  support  construction,  and 
has  been  frequently  criticised,  because  one  spring  must  absorb 
all  the  jar  incident  to  the  raising  or  lowering  of  the  wheels. 
One  make  of  electric  carriage,  manufactured  in  Buffalo,  N.  Y., 
uses  the  centre-swiveled  forward  axle  shaft,  to  which  are  at- 
tached elliptical  springs  at  either  side,  running  with  the  length  of 
the  frame.  The  result  is  that,  by  the  use  of  extra  flexible  springs, 
vibration  is  so  reduced  as  to  permit  the  use  of  very  small  rubber 
tires,  while  in  no  way  diminishing  the  effect  of  a  flexible  frame. 
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The  RIker  Underframe —  One  of  the  best  known  devices  for 
s^^uring  a  flexible  underframe  is  embodied  in  the  Riker  electric 
carriages.  The  construction  is  of  seamless  steel  tubing  through- 
out, and  includes  two  axle  shafts  and  a  cross  bar,  all  parallel  in 
the  width  of  the  frame,  and  two  longitudinal  reach  tubes,  each 
bent  inward  and  carried  forward  toward  the  front  of  the  carriage, 


Phi.  68.— The  Biker  Underfnune,  ahoi 


thus  forming  a  rectangle  of  diminished  width  at  the  front  end. 
Both  the  reach  tubes  are  ring-jointed  over  the  forward  axle  tube ; 
one  being  securely  brazed  in  place,  the  other,  with  its  attached 
stay  tube  being  free  to  turn,  so  as  to  admit  of  raising  or  lowering 
the  axle  shaft,  without  straining  the  frame.  Both  the  reach  tubes 
have  their  rear  ends  inserted  in  bosses  below,  and  cast  in  one 
piece,  with  the  bearings  tor  the  rotating  rear  axles  being  held  in 
place  by  collars  in  front  and  screw  nuts  at  the  rear.  These  bosses 
are  thus  true  bearings,  permitting  a  certain  rotary  movement  of 
the  reach  tubes  in  the  effort  to  accommodate  the  axles  to  any 
unevenness  in  the  roadbed.  The  contour  of  the  frame  is  main- 
tained by  binding  collars  at  the  jointure  of  the  movable  reach 
tube  on  the  forward  axle,  and  by  the  transverse  cross  tube  at- 
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tached  midway  in  the  length  of  both.  As  shown  in  the  diagram 
of  this  underframe,  the  motor  is  suspended  between  the  rear  Ixle 
tube,  which  forms  a  sleeve  over  the  rotating  centre-divided  axle, 
and  the  midway  cross  tube,  already  mentioned  as  forward  of  the 
axle  shaft.  The  effect  of  a  steady  drive  is  obtained  by  attaching 
the  motor  and  gearing  at  the  same  side  of  the  frame  with  the 
rigidly  attached  and  braze-jointed  reach  tube,  so  that  the  flexi- 
bility which  permits  a  certain  degree  of  distortion  in  passing  over 
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Fio.  67.— Plan  of  the  Duryea  Three-wheeled  Phaeton,  showing  the  body  frame  nsed  as 
attachment  for  all  working  parts,  dispensing  with  the  underframe  entirely. 

uneven  roadbeds,  through  the  loose  attachments  of  the  opposite 
reach,  in  no  way  interferes  with  the  interaction  of  the  driving 
gears.  Herein,  we  see  a  fundamental  constructional  principle  for 
a  flexible  motor  carriage  frame ;  that  the  flexible  and  distortable 
portion  should  involve  only  that  the  forward  and  rear  axle  shafts 
may  be  so  twisted  as  to  move  on  different  planes,  thus  insuring 
the  stability  of  the  carriage  body,  while,  at  the  same  time,  main- 
taining the  motor  and  drive  axle  in  a  fixed  and  invariable  rela- 
tion. 

Dispensini:  with  the  Underframe. — The  tradition  has  be- 
come so  fixed  among  builders  and  users  that  an  elaborate  and 
strongly-constructed  underframe  is  indispensable  to  an  efficient 
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and  easy-running  automobile  carriage  that  any  proposition  to 
dispense  with  it  altogether  will  likely  be  scouted  as  impracticable. 
As  a  matter  of  fact,  however,  one  of  the  most  efficient  makes 
of  American  gasoline  carriage — the  Duryea  Power  Co.'s  phaeton 
— avoids  the  added  weight  and  strength  of  the  frame  by  the  sim- 
ple device  of  hanging  the  axles  directly  on  the  springs  support- 


uiJ  Bprlngs  are  hung. 

ing  the  body,  which  is  unusually  strongly  and  heavily  built.  This 
practice,  following  closely  on  the  general  plan  of  light  horse 
phaetons,  enables  the  use  of  a  heavier  motor  and  body,  with  all  the 
involved  advantages,  while  at  the  same  time  allowing  the  full  use 
tor  driving  of  much  of  the  power  ordinarily  absorbed  in  propel- 
ling a  heavily-built  running  gear.  The  needed  effect  of  flexibility 
is  secured  by  extra  long  and  resilient  springs,  a  semi-elUptical 
pair  running  longitudinally  over  the  rear  axle  shaft,  and  a  semi- 
ellintical  single  spring  running  transversely  over  the  forward 
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shaft.  Tlie  accompanyiiif;  diagram  plan  of  the  Duryea  three- 
wheeled  carriage  and  the  view  of  a  four-wheeler  display  the  con- 
strnctional  points  to  advantage.  As  we  shall  see  later  these  are 
the  same  in  both,  excepting  on  the  forward  wheels. 

Three-Wheeled  Carriages.— While  most  of  the  best  known 
makes  of  motor  carriage  run  on  four  wheels,  like  or- 
dinary   horse-drawn    vehicles,    there    are    several    arguments 


in  favor  of  using  three-wheelers.  One  of  the  most  prom- 
inent constructional  considerations  is  that  the  principle  of 
"three-point  support"  largely,  if  not  altogether,  does  away  with 
the  necessity  of  a  flexible  undcrframe  to  adjust  the  wheel  levels 
on  uneven  roads,  with  the  result  that,  as  is  claimed  by  one  manu- 
facturer, there  can  be  no  "unequal  strains  in  the  frame,  tending  to 
break  or  twist  it,  or  disalign  the  machinery."  All  the  advan- 
tages of  a  rigid  frame,  which,  as  we  have  already  seen,  must  be 
in  some  way  combined  with  a  flexible  frame,  in  order  to  obtain 
an  invariable  relation  between  the  motor  and  the  drive  axle,  are 
thus  possible  without  sacrifice  of  other  qualities  equally  essen- 
tial.  It  is  claimed,  however,  that  three-wheelers  are  more  liable 
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to  Upset  than  are  carriages  with  four  wheels,  which  would  very 
likely  be  the  case  were  an  attempt  made  to  elevate  one  rear  wheel 
at  too  great  an  angle.  But,  as  may  be  readily  understood,  a  four- 
wheeler  would  be  no  more  stable  under  such  unusual  conditions, 
which  would  tend  either  to  upset  the  carriage  or  twist  the  under- 
frame  entirely  out  of  shape.  There  is  some  show  of  reason,  then, 
in  the  assertion  that  a  three-wheeler  will  travel  on  any  road 


Fio.  TO.— The  B:noi  Three  whpclai  Oaanllne  Fhneton.  showInK  aoEle 
three-|ioiiil  auppon  and  ateerlng  connectioos. 

passable  to  a  four-wheeled  carriage.  For,  provided  the  carriage 
be  properly  designed,  and  the  proportions  of  breadth,  length  and 
height,  the  weight  of  the  machinery  and  body,  and  the  distribu- 
tion of  the  load  be  accurately  calculated,  the  danger  of  an  upset 
in  passing  over  any  inequality  that  a  sensible  driver  is  capable  of 
attempting  would  be  exceedingly  remote. 

Advantages  of  Three-Wheelers.— In  a  letter  to  the  "Horseless 
Age,"  Mr.  Charles  E.  Duryea,  of  the  Duryea  Power  Co.,  says; 
"The  writer  is  free  to  predict  that  the  future  popular  two-passen- 
ger carriage  will  be  a  three-wheeler,  because  of  the  many  ad- 
vantages which  only  need  to  be  known  to  be  appreciated.  We 
are  running  three  and  four-wheelers  of  the  same  design,  side  by 
side  over  all  kinds  of  roads  in  this  locality,  and  know  by  actual 
comparison  that  the  three-wheeler  is  preferable  in  most  cases.  We 
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submit  that  actual  tests  are  stronger  proofs  than  theories."  In 
the  same  letter  he  says  further:  "The  three-wheeted  carriage,  if 
properly  designed,  rides  as  easy  as  a  four-wheeler,  or  so  nearly  so 
that  the  difference  cannot  be  told  by  a  blindfolded  observer  riding 
in  the  two  alternately ;  while  the  three-wheeler  steers  more  easily, 
requires  less  power  to  propel,  starts  and  stops  more  quickly,  is 
simpler,  lighter,  very  much  better  in  mud  and  appreciably  better 
everywhere  else."    In  another  letter  on  the  same  subject  he  says : 


Fna.  Tl.— I'uryra  Tiirec-Mhoeloil  DcllTcry  'Wacon.    This  wacon  is  built  on  tho  pliui  "hown 
iiiFii,-.e;. 

"While  we  supply  four-wliceters  to  those  buyers  who  do  not  wish 
the  three-wheeler,  we  are  confident  that  the  three-wheeler  is  the 
best  machine  of  the  two,  and  have  demonstrated  the  same  many 
times  by  actual  comparison.  There  is  one  less  tire  to  watch, 
fewer  parts  to  look  after,  less  weight  to  carry,  one  less  track,  and 
consequently  less  road  friction,  which  means  less  fuel,  less  heat, 
less  noise."  It  has  also  been  claimed  that  three-wheeled  car- 
riages have  the  additional  advantage  of  vibrating  less  on  rough 
roads,  some  claiming  a  decrease  in  this  respect  on  a  ratio  of  3 
to  4.  But  this  is  not  so  certain,  according  to  other  findings.  The 
manufacturers  of  the  Knox  gasoline  three-wheeler,  which  is  en- 
joying an  increasing  popularity  in  some  quarters,  evidently  con- 
sider their  own  machine,  at  least,  highly  efficient  in  this  respect. 
They  say:  "We  use  the  principle  of  three-point  support 
*  *  *  wherever  possible,  the  frame  being  supported  on  three 
wheels,  the  engine  being  attached  to  the  frame  at  three  points. 
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and  the  body  being  mounted  on  the  frame  by  three  springs. 
Rough  or  uneven  roads  have  little  power  to  harm  such  con- 
struction." 

Steering:  Gear  of  the  Knox  Carrias:e. —  With  the  use  of  four 
wheels,  as  we  have  already  seen,  ready  and  positive  steering  may 
be  attained  by  observing  a  few  simple  and  obvious  constructional 
principles,  prominent  among  which  is  the  lequirement  of  keeping 
the  balance  of  leverage  as  near  the  axis  of  the  wheel  as  possible. 
This  end  is  made  even  more  practicable  with  a  three-wheeled 
vehicle  by  hanging  the  forward  single  wheel  on  a  fork,  after  the 
manner  of  an  ordinary  foot-propelled  bicycle.  Such  a  course  is 
actually  followed  in  the  Knox  carriage,  for  which  the  manufac- 
turers claim  "easy  and  reliable  steering"  with  the  following  ad- 
vantages: "The  steering  action  is  the  same  as  in  a  bicycle  that 
can  be  ridden  'hands  off' ;  closest  possible  connection  from  hand 
of  operator  to  steering  wheel ;  entire  absence  of  levers  and  con- 
nections to  cause  lost  motion  or  trouble  to  operator ;  the  vehicle 
will  turn  in  a  nine-foot  circle  under  its  own  power;  very  short 
turns  may  be  made  at  high  speed  without  danger  of  capsizing." 
Even  with  all  the  excellent  features  above  enumerated,  it  is 
doubtful  if  the  method  of  controlling  the  steering  wdieel  by  a 
lever  attached  direct  to  the  pivot  of  a  swinging  wheel  is  alto- 
g^ether  the  best  construction  for  a  motor  vehicle.  For,  as  is  evi- 
dent on  reflection,  a  hand  lever  of  sufficient  length  to  give  the 
steerer  a  positive  turn,  without  using  too  much  strength,  will 
describe  an  arc  of  such  dimensions  as  to  annoy  the  riders  and 
often  necessitate  long  reaches.  It  is  possible  that  some  form  of 
worm  gear  and  pinion  device  would  achieve  all  the  excellent  re- 
sults claimed  without  the  difficulties  involved  in  a  long  lever. 

Duryea's  Steering:  Head. — The  steering  wheel  of  the  Duryea 
three-wheeler  is  not  hung  in  a  fork,  but  turns  on  an  axle  shaft 
attached  to  the  two  curled  bars  extending  to  the  front  of  the  car- 
riage body.  In  all  respects,  therefore,  the  three-wheeler  of  the 
Duryea  Co.  differs  from  the  four-wheeler  only  in  the  fact  that 
a  single  wheel  is  thus  attached,  instead  of  the  semi-elliptical 
spring,  carrying  a  through  axle  for  two  knuckle-jointed  wheels. 
The  steering  head  is  an  ingenious  and  highly  efficient  device, 
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which  has  been  in  use  on  these  carriages  for  nearly  four  years. 
As  shown  in  the  diagram,  the  forward  wheel  lias  twelve  spokes 
mounted  on  mortises  on  a  malleable  ring,  in  which  are  screwed 
hardened  steel  ball  cones,  provided  with  a  locking  device  for  fas- 
tening after  adjustment.  This  malleable  ring  when  mounted  re- 
volves on  a  ball  race,  containing  thirty  three-eighth-inch  balls, 
which  is  screwed  to  the  cylindrical  steering  head.    At  the  top 
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and  bottom  of  the  steering  head  are  mounted  hardened  cups  for 
the  steering  pivot  cones,  the  one  fixed  permanently,  the  other 
adjustably  in  the  cross  bar  or  support,  which  carries  the  front 
end  of  the  vehicle.  As  shown  in  the  diagram,  the  upper  cone 
may  be  screwed  in  or  out  to  adjust  the  bearing  at  this  point.  It 
is  held  in  place  by  a  clamp,  while  the  lower  cone  generally  turns 
on  balls,  as  shown.  By  this  arrangement  the  steering  pivot  is 
brought  directly  into  the  plane  'f  the  wheel,  as  in  a  cycle,  so  that 
there  is  no  jar  on  the  steering  lever,  or  need  of  unusual  effort  on 
the  part  of  the  driver.  Moreover  the  arrangement  is  highly  effi- 
cient in  ensuring  a  constant  direction,  paiticularly  when  travel- 
ing on  level  roads,  a  point  highly  desirable  In  a  pleasure  car- 
riage. 
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The  Present  Situation  on  Frames. — Some  of  the  foremost 
manufacturers  of  motor  carriages  at  the  present  time  hold  to  the 
conviction  that  an  elaborate  underframe  is  rather  a  useless  com- 
plication than  an  advantage  in  any  sense.  This  means  that,  as 
is  being  increasingly  understood,  the  same  framework  may  serve 
for  the  body,  the  motor  and  the  running  gear,  giving  a  combina- 
tion that  is  lighter  and  stronger  than  where  two  or  three  separate 


d  iffloullics  i  Qvoi  vcd' in  tiieuseVr  awirol'joinW." 

frames  are  used,  besides  saving  space,  material,  labor,  care  and 
repairing,  and  increasing  the  neatness,  while  descreasing  the 
weight  and  the  cost.  The  body  must  be  mounted  on  springs,  and 
it  is  the  best  construction,  particularly  where  high  speeds  are 
contemplated,  to  mount  the  motor  in  the  body.  In  his  statement 
that  the  experience  of  carriage  builders  is  preferable  in  the  matter 
of  underframes.tothatof  bicycle  builders — for  it  was  entirely  from 
bicycle  precedents  that  tubular  framework  was  ever  adopted — 
Mr.  Woods  seems  to  be  in  accord  with  several  other  antborities. 
Even  with  the  most  carefully  planned  tubular  frame  the  stiffness 
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of  the  construction  is  poorly  compensated  even  witii  the  use  o£ 
swivel  joints,  and  some  of  the  best  known  makes  of  motor  car- 
riage with  tubular  frames  are  constantly  giving  trouble  from  this 
cause,  involving  constant  damage  and  consequent  repairs.  On 
tile  other  hand,  it  must  not  be  forgotten  that,  unlike  both  carriage 
and  cycle,  the  automobile  is  a  locomotive,  and  that,  as  such,  its 
peculiar  conditions  demand  constructions  to  which  no  former 
experience  is  precisely  analogous.  In  no  matter  more  than  un- 
derframes  is  it  so  essential  to  bear  this  distinction  in  mind,  and  in 
no  point  is  it  so  apparent  that  the  ultimate  or  permanent  type  ol 
motor  carriage  will  depart  quite  entirely  from  the  precedents  of 
horse-drawn  vehicles.  In  a  letter  to  the  author,  Mr.  C.  E.  Dur- 
yea  says:  "The  use  of  steel  wheels  and  tubular  construction  is 
an  outgrowth  of  cycle  experience,  but  engineers  make  a  mistake 
who  attempt  to  apply  their  experience  indiscriminately  to  car- 
riages, for  the  carriage  problem  is  not  a  single-plane  problem. 
Both  the  cycle  and  its  wheels  receive  strains,  and  in  a  single 
plane,  while  cycle  riders  save  themselves  and  the  machine  by 
standing  on  the  pedals  on  rough  spots.  The  automobile  rider 
never  does  this,  while  the  constant  torsions  and  wrcnchings  of  a 
four-cornered  frame  are  simply  indescribable.  On  this  account 
a  three-wheeled  construction  is  much  longer  lived  and  will  un- 
doubtedly prevail  in  the  end." 


lo.  74(1.— An  American  Qiuflllne  Tcbicle,  equipped  with  shio  aprint;  fnnnu.  aftpr  Die 


CHAPTER  SIX. 

SPRINGS  AND    COMPENSATING    DEVICES  ;    RADIUS    RODS    AND 

JOINTED   SHAFTS. 

Sprin|i:s  for  Motor  Carriages. — Like  all  varieties  of  vehicle 
at  the  present  day,  automobiles  have  the  body  suspended  from 
the  axles  or  underframe  on  suitable  springs.    With  them,  also, 
the  usual  function  is  subserved,  absorbing  and  counteracting  jars 
and  cumulated  vibrations  incident  on  roughness  in  the  roadway 
or  a  high  degree  of  speed.    In  the  present  state  of  the  motor  car- 
riage industry,  there  are  few  data  regarding  the  proportions  and 
construction  of  springs,  best  suited  for  different  purposes;  the 
matter  being  largely  one  of  empirical  considerations  and  practical 
experiment.    We  may  readily  understand,  however,  that  motor 
carriages,  being  intended  primarily  for  high  degrees  of  speed,  in- 
volve conditions  and  considerations  found  in  neither  horse-drawn 
vehicles  nor  railroad  cars.     The  latter,  although  traveling  at 
speeds  often  lOO  per  cent,  greater  than  the  average  automobile, 
run  upon  an  even  and  comparatively  unresistant  roadway — the 
track  of  steel  rails — while  the  former,  although  built  for  the  ordi- 
nary highways,  as  are  automobiles,  are  seldom  calculated  for  any 
but  very  moderate  rates  of  speed.    Railroad  cars  must,  thus,  pro- 
vide against  a  maximal  speed,  with  a  minimal  road  roughness 
and  resistance ;  horse  carriages,  on  the  other  hand,  must  provide 
against  a  maximal  roughness  and  resistance  with  a  minimal  speed ; 
motor  carriages  must  be  able  to  attain  high  speeds  and,  at  the 
same  time,  resist  the  annoying  and  destructive  effects  of  road- 
ways, inevitably  irregular  as  to  resistance  and  other  conditions 
of  surface.    As  a  general  proposition,  therefore,  we  may  assert 
that  such  springs  as  will  promote  comfort  will  prevent  undue 
wear  and  tear  on  the  motor  and  parts,  which,  in  fact,  makes  the 
end  of  easy  riding  for  the  passengers  the  prime  consideration. 

The  Theoretical  Working  Unity. — In  no  part  of  construction 
is  it  more  essential  to  consider  the  road  and  the  vehicle  as  a 
working  unit  than  in  the  matter  of  calculating  for  springs,  and  in 
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no  point  is  there  a  greater  element  of  uncertainty  and  a  greater 
variableness  in  running  conditions  to  render  all  calculations  un- 
reliable and  inexact.  The  general  situation  is  well  expressed  in  a 
recent  article  on  motor  vans  in  the  London  Engineer,  which  speaks 
as  follows : 

"The  prime  fact  with  which  engineers -have  to  deal  is  that  the 
success  or  failure  of  any  design  mainly  depends  on  the  nature  of 
the  road  on  which  the  van  is  to  be  worked.  The  V-slides  of  a 
planing  machine  are  integral  parts  of  the  whole.  The  permanent 
way  of  a  railroad  and  the  rolling  stock  constitute  together  one 
complete  machine.  In  just  the  same  way  the  King's  highway 
must  be  regarded  as  an  integral  part  of  all  and  every  combination 
of  mechanical  appliances  by  which  transport  is  effected  on  the 
road.  In  one  word,  if  we  attempt  to  dissever  the  road  from  the 
van,  we  shall. fail  to  accomplish  anything.  Two  or  three  years 
ago,  the  maker  of  a  steam  van  told  us  that  he  was  surprised  to 
find  how  little  power  was  required  to  work  his  van.  He  had  been 
running  it  on  wood-paved  streets.  A  week  or  two  later  on  he  was 
very  much  more  surprised  to  find  that  on  fairly  good  macadam 
after  rain  he  could  do  next  to  nothing  with  the  same  van.  In 
preparing  the  designs  for  any  van,  the  quality  of  the  roads  must 
not  for  a  moment  be  forgotten ;  and  it  will  not  do  to  estimate  the 
character  of  the  road  by  anything  but  its  worst  bits.  A  length 
of  a  few  yards  of  soft,  sandy  bottom  on  an  otherwise  good  road 
will  certainly  bring  a  van  which  may  have  been  doing  well  to 
grief.  Curiously  enough  we  have  found  this  apparently  obvious 
circumstance  constantly  overlooked.  This  is  not  all,  however.  A 
road  may  be  level,  hard,  and  of  little  resistance  to  traction,  and 
yet  be  very  destructive  to  mechanism.  This  type  of  road  is  rough 
and  "knobby" ;  it  will  shake  a  vehicle  to  pieces,  and  the  mischief 
done  by  such  roads  augments  in  a  most  painfully  rapid  ratio  with 
the  pace  of  the  vehicle.  Jarring  and  tremor  are  as  effectual  as 
direct  violence  in  injuring  mechanism.  Scores  of  examples  of 
this  might  be  cited.  One  will  suffice.  In  a  motor  van  a  long 
horizontal  rod  was  used  to  couple  the  steering  gear  to  the  lead- 
ing wheels.  The  rod  was  broken  solely  by  vibration.  It  was  re- 
placed by  a  much  heavier  and  stronger  bar.  That  was  broken  in 
much  the  same  way,  and  finally  guides  had  to  be  fitted  to  steady 
the  rod  and  prevent  it  shaking." 
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Points  on  Sprinn:  Suspension. — As  regards  the  suspension  of 
springs  of  horse-drawn  vehicles  and  automobiles,  the  careful  ob- 
server will  note  one  point  of  divergence  at  once.  When  elliptic, 
or  semi-elliptic,  springs  of  the  ordinary  description  are  used, 
he  will  see  that  in  most  light  horse  carriages  only  two  are  sus- 
pended, one  over  each  of  the  axle  shafts,  across  the  width  of  the 
carriage.  In  automobiles  of  every  build  and  motive  power,  while 
a  single  spring  may  be  thus  attached  to  the  forward  axle,  the 
rear  axle  supports  two,  one  at  each  side  of  the  frame,  and  run- 
ning in  the  length  of  the  carriage.  This  is  a  construction  found 
only  in  the  heavier  patterns  of  horse  drawn  carriages,  and  in  both 
cases  it  is  resorted  to  for  the  purpose  of  neutralizing  the  forward 
lunge  of  the  body,  inevitable  on  rough  roads  with  a  single  trans- 


Fio.  75. — Scroll  Bottom  Carriage  Spring,  half  elliptic,  showing  connections  by  links  and 

shaclcles. 

verse  elliptical  spring.  With  the  horse  carriage  of  the  heavier 
pattern  such  vibration  is  annoying  and  also  hurtful  to  the  body, 
frame  and  springs.  With  the  automobile,  however,  the  case  is 
even  graver ;  for  not  only  will  similar  results  follow  at  high  speed, 
but  the  proper  distance  between  the  motor,  usually  carried  in  the 
body  above  the  springs,  and  the  rear  axle  will  be  continually  dis- 
turbed, with  consequent  damage  to  sprocket,  chain  and  gears  and 
loss  of  a  steady  drive.  Thus,  in  carriages  which  have  no  other 
provision  against  this  tendency  of  the  rear  axle  to  throw  back- 
ward or  forward  under  the  stress  of  travel,  it  is  necessary  to  use 
a  device  known  as  a  distance  rod  to  maintain  a  fixed  distance  be- 
tween motor  and  drive  axle,  when  the  threw  of  the  springs  would 
otherwise  permit  it  to  be  disturbed.  The  better  method  of  over- 
coming this  danger  is  to  set  the  springs  in  the  length  of  the 
carriage,  as  just  described ;  for  thus  most  of  the  violent  jars  in 
this  direction  are  absorbed,  and  the  fixed  relation  of  motor  and 
axle  maintained,  without  rigid  attachments,  which  would  form 
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another  notable  occasion  of  accidents.  This  allows  the  springs 
to  lengthen  under  pressure  from  above  or  from  the  direction  of 
travel,  and  further  reinforces  against  sidewise  lunges,  which, 
however,  are  of  far  less  frequent  occurrence.  With  the  use  of 
transversely  arranged  elliptical  springs  on  both  axles  similarly 
troublesome  conditions  in  the  steering  mechanism  would  result ; 
the  turning  of  the  steering  lever  frequently  compressing  the 
spring  sufficiently  to  make  steering  uncertain,  and  the  numerous 
jars  of  the  vehicle  on  a  rough  road  or  at  high  speed  often  tending 
to  check  its  operation  altogether. 


Fto.  70.— Spring  and  Radius  Bod  of  the  Mors  Carriages.  The  rod,  A,  maintains  a  fixed 
distance  between  the  sprocket  pinion,  B,  and  the  wheel  axle,  C,  even  when  the  springs 
are  constantly  in  action.  This  carriage  also  has  a  device  for  varying  the  distance 
between  the  countershaft  at  B,  and  the  engine  pulley,  by  sliding  the  entire  shaft  for- 
ward or  back  und«r  impulse  from  the  screw,  D.  The  spring,  being  hung  on  links  at 
front  and  rear,  has  considerable  play,  up  and  down,  without  disturbing  the  fixed  rela- 
tion of  the  axle,  C,  and  the  counter-shaft,  B,  as  determined  by  the  radius  rod,  A. 


Dimensions  of  Springs. — Of  the  four  varieties  of  springs  used 
in  vehicles  of  various  kinds — extensible  spiral, compressible  spiral, 
coiled,  and  laminated  leaf  springs — the  last-named  has  been  found 
by  all  odds  the  most  suitable  for  automobiles  in  point  of  easy 
riding,  if  in  no  others.  Such  springs,  which  are  composed  of  a 
number  of  leaves  or  laminae  of  steel,  can  be  made  in  proportions 
suitable  for  light  or  heavy  loads,  by  varying  the  size  and  number 
of  the  layers,  without  involving  the  jolts  and  vibrations  inevitable 
in  any  but  the  heaviest  structures  of  the  other  descriptions. 
However,  apart  from  certain  well  ascertained  figures  on  the  static 
weight  of  the  load  and  the  size  and  tensile  strength  of  the  springs 
designed  to  carry  it,  there  are  no  reliable  data  regarding  the 
proper  proportions  of  springs  for  automobile  carriages.  As  we 
have  said,  this  is,  and  must  continue,  a  matter  to  be  governed 
most  largely  by  experiment,  apart  from  mathematical  calcula- 
tions, since  the  constantly  varying  conditions  of  automobile  travel 
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preclude  exact  theory.  Among  these  variants  may  be  mentioned 
high  speeds  on  any  and  every  kind  of  road  and  the  use  of  pneu- 
matic tires.  The  matter  is  still  further  qualified  by  the  size  of 
the  tires  and  the  degree  of  inflation,  for  both  of  these  points  are 
important  in  modifying  the  stress  to  come  upon  the  springs.  In- 
deed, there  is  no  more  important  factor  in  the  high  speed  motor 
vehicles  than  the  rubber  tires,  although  the  properties  developed 
in  its  practical  operation  by  no  means  permit  its  use  on  vehicles 
without  suspension  springs  of  some  description. 

The  Effects  of  Pneumatic  Tires. — The  use  of  pneumatic  tires 
on  a  vehicle  permits  the  absorption  of  considerable  vibration  and 
the  consequent  use  of  softer  springs  than  are  possible  with  steel 
tires.  One  reason  for  this  is  that  pneumatic  tires,  after  violent 
or  unusual  compression,  do  not  rebound,  as  even  the  best 
springs  will  do ;  whence  only  a  minute  portion  of  the  total  shock 
is  transmitted  from  them  to  the  springs.  On  the  other  hand, 
however,  they  have  a  certain  bouncing  motion  of  their  own, 
which  is  imparted  to  the  running  gear,  and  will  occasion  an  an- 
noying back-jolt,  unless  suitable  springs  are  interposed.  This 
is  entirely  neutralized  by  the  use  of  properly  adjusted  springs, 
although  in  the  matter  of  adjustment  we  must  consider  the  size 
and  degree  of  inflation  of  the  tires,  the  weight  and  dimensions 
of  the  springs,  and  the  average  speed  used.  In  some  respects  a 
heavier  spring  gives  easier  riding  than  a  light  one,  since  the  lat- 
ter is  apt  to  bounce  disproportionately,  even  with  good  pneumatic 
tires,  when  the  road  is  somewhat  rough.  In  this  matter  some 
authorities  make  a  direct  comparison  with  the  action  of  pneu- 
matic tires  on  bicydes,  whose  ease  of  riding  at  high  speeds  has 
frequently  been  found  to  be  a  consideration  not  only  of  the  road 
surface,  but  also  of  the  degree  of  inflation  of  the  tires.  The  se- 
verity and  quality  of  the  jars  received  under  stated  conditions  is, 
therefore,  typical  in  these  particulars  of  the  stress  brought  upon 
the  springs  set  over  the  pneumatics  in  an  automobile. 

As  the  reader  or  any  careful  observer  may  readily  conclude 
from  the  facts,  pneumatic  tires,  if  properly  inflated,  while  a  great 
factor  in  easy  traction,  are  by  no  means  the  sole  requirement. 
While  they  absorb  much  vibration  unavoidable  in  steel-tired 
vehicles,  without  springs,  they  do  not  wholly  set  aside  the  rule 
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that  it  is  exceedingly  bad  construction  not  to  suspend  motors  and 
other  heavy  freight.  As  has  been  frequently  learned  at  consid- 
erable cost,  rubber  tires  will  not  prevent  broken  axles  when  the 
motor  is  hung  below  the  springs.  For  this  reason  many  manu- 
facturers use,  not  only  additional  springs  for  the  seats,  but  also 
doubly  suspend  the  moving  parts,  such  as  boilers  and  engines  in 
steam  carriages,  or  storage  batteries  in  electric  vehicles.  Fre- 
quently, however,  this  additional  precaution  acts  to  neutralize 
the  effect  of  the  springs  by  aggravating  jolts  instead  of  allowing 
them  to  be  properly  absorbed  as  would  otherwise  happen. 

The  whole  situation,  as  regards  the  relation  of  springs  and 
pneumatic  tires,  may  be  understood  by  reference  to  common 
experience  with  bicycles.    As  is  generally  known,  unless  certain 
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Fio.  77.— Forward  Axle  of  the  Jeanteaud  Electric  Carriage,  showing  double  half  eOlptio 

^springs  with  connections  by  links  to  frame  and  body. 

ascertained  rules  are  observed  regarding  both  the  inflation  of 
the  tires  and  the  method  of  riding,  the  rider  is  liable  to  experi- 
ence a  series  of  annoying  jolts  and  vibrations  on  the  best-made 
roads.  Thus,  while  the  rear,  or  drive-wheel  tire,  is  usually  in- 
flated until  very  hard,  the  forward  tire  is  allowed  to  remain  con- 
siderably softer.  By  this  means  are  avoided  the  vibrations  which 
inevitably  follow  when  both  are  pumped  hard.  The  rider  soon 
learns,  also,  in  passing  a  street  crossing  or  a  hollow  in  the  road- 
bed, to  raise  himself  on  the  pedals,  in  order  to  escape  a  shock  of 
considerable  severity.  To  partly  obviate  this  necessity  and  "make 
all  roads  smooth,''  several  makes  of  bicycle  have  what  the  manu- 
facturers call  a  "cushion  frame,"  consisting  of  a  flexible  spiral 
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Spring  inserted  in  the  tubular  support  of  the  saddle  post.  The 
result  is  that  the  rider  is  greatly  relieved  of  shocks  and  vibra- 
tions, the  spring  acting  to  absorb  most  of  the  bounding  action 
of  the  tires.  Nor  has  a  similar  result  been  otherwise  successfully 
achieved,  although  it  has  been  claimed  by  some  bicyclists  that 
the  annoying  jolts,  due  to  a  hard  forward  tire,  are  greatly  re- 
duced when  a  moderate  load  or  a  child  is  carried  on  the  handle 
bars.  Imperfect  inflation  of  the  rear  tire  is  apt  to  strain  and 
loosen  the  spokes,  while  only  slightly  modifying  the  annoying  ef- 
fects of  travel  on  uneven  roadways.  The  bearing  on  the  situation 
of  automobile  construction  is  obvious.  For,  since  the  passen- 
gers cannot  mitigate  such  shocks  by  any  changes  in  position  or 
distribution  of  the  load,  properly  proportioned  springs  are  the 
only  resort. 

Condition  of  Sprinj^  Dimensions. — In  judging  of  the  dimen- 
sions and  elasticity  of  springs  suitable  for  carriage  use  the  limit 
of  elasticity  must  be  carefully  considered  with  relation  to  the 
static  and  maximum  loads  to  be  carried  by  the  vehicle.  The 
static  load  is  the  dead  weight  of  the  vehicle  body  and  frame, 
together  with  that  of  the  passengers  and  other  freight,  estimated 
when  at  rest.  The  maximum  load  is  the  proportionately  increased 
weight  of  the  same  items,  with  relation  to  the  traction  effort  re- 
quired when  the  vehicle  is  running  at  its  highest  speed,  under 
test  conditions  as  to  road  roughness  or  hill-climbing  require- 
ments. Similarly,  the  ultimate  load  is  the  greatest  weight  pos- 
sibly carried  with  good  spring  action.  That  the  springs  should 
be  calculated  to  retain  the  elasticity,  or  have  the  ultimate  strength 
far  beyond  the  maximum  load,  is  obvious,  when  we  consider  the 
office  of  a  spring  in  any  aspect.  In  calculating  the  proportions 
of  springs  in  the  best  constructed  railroads,  it  is  usually  cus- 
tomary to  consider  the  maximum  load  as  twice  the  static  load. 
Whence  it  is  the  general  practice  to  estimate  the  fitness  of  a  given 
spring  for  its  work  as  equivalent  to  the  quotient  of  the  weight  of 
the  spring  divided  by  the  product  of  its  length,  between  the  ex- 
tremities of  the  longest  leaf,  and  the  number,  width  and  thick- 
ness of  the  other  several  leaves.  The  variable  nature  of  carriage 
roads  makes  the  proportion  of  static  and  maximum  load  much 
higher  for  horse-drawn  vehicles  than  for  railway  cars,  except 
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where  only  the  most  moderate  speeds  are  to  be  used,  but  for 
automobiles,  always  calculated  for  high  speeds,  it  never  falls  be- 
low a  ratio  of  i  to  3,  and  is  often  estimated  as  high  as  i  to  5. 
As  has  been  pointed  out  by  several  authorities  on  the  subject, 
the  difficulty  of  obtaining  springs  for  automobiles,  which  shall 
be  serviceable  under  all  conditions,  is  greatly  aggravated  when 
the  weight  of  the  body,  motors,  etc.,  is  very  much  in  excess  of 
that  of  the  passengers  provided  for.  This  is  true,  since  a  spring 
that  will  subserve  the  end  of  easy  riding  under  usual  conditions, 
with  extra  heavy  accessories  of  this  description,  would  permit 


Fto.  78.— The  Sprocket  and  Sprisir  of  a  Panhard  Carriage,  showing  the  adjustable  radius 
rod  for  mamtainlng  the  distance  between  sprocket  and  pinion  at  a  determined  dis- 
tance when  the  springs  act. 

no  end  of  jolting  and  annoying  vibration  at  high  speeds  on  im- 
perfect roads.  The  fault  is  difficult  to  discover  except  under 
test  conditions.  For  this  reason  builders  have  frequently  at- 
tempted to  counteract  the  uncertainties  of  spring  action  by  using 
extra  springs  on  the  seats,  somewhat  after  the  fashion  of  those 
used  in  some  rough  farm  and  draft  carts,  where  no  springs  at  all 
are  used  between  the  body  and  the  axletrees. 

As  a  general  rule,  also,  such  seat  springs  modify  the  practical 
rules  usually  followed,  permitting  the  use  of  even  lighter  springs 
to  support  the  body.    To  sum  up  the  general  requirements  in  a 
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few  words,  we  may  say  that,  while  the  pneumatic  tires  will  often 
absorb  vibrations,  thus  permitting  soft  and  light  springs  under 
the  body,  the  occasional  inequalities  in  the  road  are  apt  to  occa- 
sion a  quick  succession  of  annoying  jolts,  reaching  by  accumu- 
lated forces  almost  to  the  limit  of  spring  elasticity,  or  succeed- 
ing one  another  so  rapidly,  at  high  speed,  that  the  springs  have 
little  time  to  recover  their  normal  shape.  This  seems  to  indicate 
that  a  heavier  spring  is  preferable,  or  else  that  spring  construc- 
tion must  be  in  some  way  varied  to  give  firmer  attachments  and 
more  evenly  distributed  elasticity;  the  time  required  by  the 
spring  to  recover  itself  being  the  same  under  all  conditions,  some 
springs  are  thus  unfit  for  high  speed  work.  Many  manufactur- 
ers prefer  semi-elliptical  springs  to  the  full  elliptical  on  the 
ground  that  their  elasticity  is  greater  for  a  given  weight  of  spring, 
and  the  consensus  of  opinion  on  the  latter  is  that  the  longer  the 
spring,  within  reasonable  limits,  the  greater  the  combined  elas- 
ticity and  lightness.  When  such  springs  are  used  as  side  sup- 
ports it  is  general  practice  to  attach  one  end  direct  to  the  longi- 
tudinal frame  and  connect  the  other  by  a  link,  thus  allowing  am- 
ple freedom  toward  lengthening.  When  placed  transversely  over 
the  forward  axle  both  ends  are  secured  to  links,  the  centre  being 
securely  clamped. 

Attachments  for  Sprinsrs — ^The  ends  of  ready  lengthening 
and  extra  elastic  support  are  also  accomplished  by  the  use  of 
what  are  known  as  scroll  elliptics  and  semi-elliptics,  wherein  one 
leaf  of  the  spring  is  extended  somewhat  at  one  end  and  turned 
over,  Hke  a  rolled  scroll,  to  be  connected  to  its  mate  or  to  the 
carriage  attachment  by  suitable  links  or  other  joint.  Links  are 
preferable  in  many  places  on  account  of  the  ready  action  allowed 
in  several  directions,  without  involving  tendency  to  yield  unduly 
under  ordinary  conditions.  The  high  speed  requirements  of 
motor  carriages  makes  it  nearly  imperative  that  leaf  springs, 
either  half  or  full  elliptic,  should  be  securely  clamped  to  the  sup- 
ports by  clips  and  nuts,  rather  than  by  bolts  through  bolt  holes 
in  the  centre.  This  is  true  because  such  bolt  holes  are  liable 
to  prove  a  source  of  weakness  under  high  speed  conditions  and 
to  cause  the  breakinc^;  of  springs  at  the  very  time  when  their  full 
strength  is  most  requisite.    With  clips  this  danger  is  wholly  avert- 
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ed,  and,  instead  of  a  weak  point  at  the  centre,  an  additional  rigid- 
ity and  re-enforcement  is  obtained. 

One  of  the  most  efficient  arrangements  of  springs  for  high 
speed  carriages  is  that  found  in  the  Jeanteaud  electric  car  and 
one  or  two  motor  carriages  of  American  make.  Two  semi-ellip- 
tical leaf  springs  are  clamped  together  at  their  centres,  leaving 
the  two  extremities  of  the  upper  one  in  position  for  attachment 
to  the  carriage  body,  and  the  two  extremities  of  the  lower  one  in 
position  for  attachment  to  the  axle.    Links  are  then  bolted  at  all 


Fio.  79.— The  De  IMon  &  Boaton  Spring  Oompensattng  Steering  Devloe.  The  V-shaped 
piece  A,  constructed  of  two  pieces,  aa  shown,  is  attached  to  the  tubular  front  cross- 
piece  of  the  body  frame  at  D,  and  pivoted  on  the  ball  joint  at  F,  to  the  lower  V- 
shaped  piece,  B.  This  is  also  pivoted  at  F,  and  is  attached  to  the  axletree  at  E.  The 
T-piece,  C,  is  also  pivoted  at  B  rigidly  with  B,  so  as  to  turn  sideways  with  it.  It  car- 
ries the  links  C  and  C",  which  actuate  the  steering  arms  of  the  two  stud  axles.  The 
link,  H,  is  attached  to  the  arm,  G,  and  when  moved  forward  or  back  by  the  worm 
gear  and  pinion  arrangement  at  the  base  of  the  steering-wheel  pillar,  moves  the  en- 
tire structure,  A.  Band  C,  on  the  pivots,  D  and  E,  to  the  right  or  left,  as  desired. 
The  object  of  the  device  is  to  allow  of  a  certain  up  and  down  movement,  as  the 
springs  yield,  without  disarranging  the  steering  gear  or  vibrating  the  steer  wheel.  In 
such  cases  the  V-pieces,  A  and  B,  move  on  t  he  ball  joint  F.  Iihus  permitting  the 
points,  D  and  E,  to  be  approached  and  separated,  as  the  springs  move. 

four  points  in  order  to  suspend  the  springs  so  as  to  permit  the 
greatest  freedom  of  motion  laterally  and  allow  for  considerable 
compression. 

Construction  of  Sprins^s  — ^The  leaf  springs  used  in  road  car- 
riages and  railroad  cars  consist  of  several  layers  of  steel  plates  or 
leaves  more  often  slightly  bent,  so  that,  when  laid  together,  they 
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are  found  forming  superposed  arcs  of  so  many  concentric  circles. 
It  is  essential  to  a  serviceable  spring  of  this  description  that  the 
line  of  the  arc  be  carefully  followed  from  end  to  end  of  each 
plate,  and  that  no  attempt  be  made  to  straighten  or  bend  back 
the  extremities  of  the  longest  leaves.  This  is  true  because  the 
spring  effect  is  derived  from  the  temper  of  the  metal  in  permitting 
the  load  to  flatten  all  the  arcs  at  once  under  a  single  stress,  which 
involves  that  they  should  slide  upon  one  another  in  altering  their 
shape,  as  could  not  be  the  case  were  there  any  such  departure 
from  the  line  of  the  arc,  as  has  been  mentioned.  In  that  case 
the  several  plates  would  tend  to  separate  and  "gape"  under  a 
load  requiring  a  degree  of  compression  tending  to  bring  the  ex- 
tremity of  any  arc  to  the  straight  portion  of  the  top  leaves.    The 

— feE 


Fio.  80.— Jointed  Rear  Axle  of  the  De  Dion  ft  Bouton  CarriAges.  By  the  use  of  universal 
toints  between  tlie  driving  spur  and  wheel  spindles  a  steady  drive  may  be  maintained 
between  the  spur,  hunjf^  on  the  body,  above  the  springs,  and  the  wneels,  below  the 
springs,  even  on  the  roughest  roads,  when  the  springs  are  constantly  in  action. 

result  would  be  a  loss  in  spring  action,  and  a  probable  source  of 
breakage  on  occasion.  In  constructing  laminated  leaf  springs  it 
is  essential  that  the  plates  should  decrease  on  a  regular  scale  of 
lengths,  in  order  that  the  structure  may  be  of  equal  strength 
throughout  and  of  sufficient  flexibility  for  the  loads  calculated 
to  its  dimensions.  Where  such  a  spring  is  thick,  consisting  of  a 
number  of  plates,  it  is  a  good  working  rule  that  the  ends  of  each 
several  plates  should  touch  the  sides  of  a  triangle,  whose  base  is 
drawn  between  the  extremities  of  the  longest  plate  and  whose 
apex  is  at  or  about  the  theoretical  centre  point  of  the  spring's 
movement.  This  means  that,  with  a  well-proportioned  spring  in 
its  normal  shape,  the  end  of  each  separate  plate  should  be  equi- 
distant from  that  of  the  one  immediately  above  it  and  of  the 
one  immediately  below  it.  By  this  construction  even  distribution 
of  stress  is  attained  without  waste  or  resistance  from  inactive 
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portions  of  tlie  length  of  each  plate,  as  would  be  the  case  in  a 
laminated  spring  flattened  at  the  top  plate  and  having  the  longi- 
tudinal profile  shaped  to  an  arc.  Such  a  spring,  however,  would 
tmbody  bad  construction  in  another  particular,  since  it  would 
neglect  one  very  essential  feature  of  spring  construction— curva- 
ture of  the  plates.  This  curvature  is  intended  to  represent  the 
difference  between  the  spring  under  static  and  maximum  load ; 
at  the  latter  point  its  leaves  should  be  nearly  straightened  under 
stress ;  beyond  that  point,  as  they  are  bent  backward  and  down- 
ward, the  point  of  ultimate  strength,  involving  loss  of  elasticity 
and  breakage,  is  rapidly  approached.  It  follows,  therefore,  that 
the  end  of  a  perfectly  elastic  and  serviceable  spring  is  best  at- 
tained by  such  curvature  as  will  allow  bending  of  the  plates  from 
each  extremity  of  the  top  plates,  on  the  support  at  the  centre. 


Fid  01,— a  Du  Dion  £  BouUin  GasoliiH?  CiUTliige. 

without  involving  endwise  compression,  as  is  the  case  when  the 
curve  approaches  a  semi-circular  contour.  Consequently,  lami- 
nated leaf  springs,  as  a  usual  thing,  are  constructed  to  an  arc  of 
never  more  than  ninety  degrees  and  often  very  much  less. 

Rales  for  Calculating  Springs — Although  as  a  general 
proposition,  the  usefulness  of  a  spring  for  given  work  and  load 
is  strictly  a  consideration  of  the  total  length  of  the  structure  be- 
tween points  of  attachment,  the  thickness  and  number  of  the 
leaves,  and  the  quality  of  the  steel  used — the  last-named  consid- 
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cration  is  of  the  ulmost  importance — there  are  certain  formulae 
followed  in  railroad  work,  and  to  a  certain  extent,  in  carriage 
designing,  that  are  useful  to  the  practical  automobile  builder. 
As  given  in  several  works  on  locomotive  and  car  construction, 
they  may  be  summarized  as  follows : 

Let  B  represent  the  breadth  of  the  plates  in  inches. 

Let  T  represent  the  thickness  of  each  in  sixteenths  of  an  inch. 

Let  N  represent  the  number  of  plates  in  the  spring. 


Let  S  represent  the  working  span,  or  the  distance  between 
the  centres  of  the  spring  hangers,  when  the  spring  is  loaded. 

Let  W  represent  the  working  strength  of  a  given  spring. 

Let  E  represent  the  elasticity  of  the  spring  in  inches  per  ton. 

The  elasticity  or  deflection  of  a  given  spring  is  found  by  the 
following  formula : 
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The  span  length  due  to  a  given  tjasticity  and  number  and  size 
of  plates  is  as  follows : 


^  EBNTJ   =.  S  in  inches. 
"         1.66 

The  number  of  plates  due  to  a  given  elasticity,  span  and  size 
of  plates : 

S3  X  1.66        ., 

The  working  strength,  or  greatest  weight  a  spring  can  bear, 
is  determined  as  follows : 

^  >—  W  in  tons  (1,340  lbs.)  burden. 

The  span  due  to  a  given  strength  and  number  and  size  of 
plates : 

BT»N 


The  number  of  plates  due  to  a  given  strength,  span  and  size 
of  plates : 

BT«  "■ 


rio.  SI  -TTnUerwl  Jointed  Cminter^tisrt  of  the  Thomycrort  Slpam  Wagon.  Thi*  com- 
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CHAPTER   SEVEN. 


MOTOR  CARRIAGE  WHEELS. 


Requirements  in  ilotor  Carriage  Wlieels. —  As  summed  up 

by  a  noted  authority  on  the  subject,  vehicle  wheels  must  have 
three  qualities  of  construction:  (i)  They  must  be  sufficiently 
strong  for  the  load  they  are  to  carry,  and  for  the  kind  of  roads  on 
which  they  are  to  run.  (2)  They  must  be  elastic,  or  so  constructed 
that  the  several  parts — hub,  spokes  and  felloes,  or  rim — ^are  sus- 
ceptible of  a  certain  flexibility  in  their  fixed  relations ;  thus  neu- 
tralizing much  vibration,  and  allowing  the  vehicle  greater  free- 
dom of  movement,  particularly  on  short  curves  and  when  en- 
countering obstacles.  (3)  They  must,  furthermore,  be  sufficient- 
ly light  to  avoid  absorbing  unnecessary  .power  in  moving.  In 
addition  to  these  qualifications,  wheels  suitable  for  automobiles 
must  be  able  to  resist  the  torsion  of  the  motor,  which  always 
tends  to  produce  a  tangential  strain.  This  is  the  reason  why 
tangent  suspended  wire  wheels  are  invariably  used  in  automo- 
biles, instead  of  the  other  variety,  having  radially-arranged 
spokes.  They  must  also  have  sufficient  adhesion  to  drive  ahead 
without  unduly  absorbing  power  in  overcoming  the  tendency  to 
slip  on  an  imperfectly  resistant  road-bed.  The  importance  of  the 
two  last  considerations  may  be  readily  understood  in  view  of  the 
fact  that  the  wheels  of  motor  carriages  receive  the  driving  power 
direct,  instead  of  being  merely  rotating  supports,  like  the  wheels 
of  vehicles  propelled  by  an  outside  tractive  force. 

iletliods  of  Constructing  Wlieels.  —  In  order  to  meet  the 
conditions  above  mentioned  various  devices  have  been  resorted 
to.  Where  wooden  wheels  are  used  in  any  kind  of  vehicle,  the 
effect  of  elasticity  is  very  greatly  increased  by  "dishing" ;  that  is, 
by  inclining  the  spokes  from  the  exterior  plane  of  the  rim  to  the 
centre  point  of  the  axle  spindle,  so  as  to  make  the  wheel  a  kind  of 
flattened  cone.  This  construction  has  the  effect  of  transforming 
the  spokes  into  so  many  springs,  possessing  elastic  properties, 
and  renders  the  wheel  capable  of  being  deformed  under  sideways 
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Stress,  The  shocks  of  collision  with  obstacles  are  thus  distributed 
through  the  flexibly  connected  parts,  as  could  not  be  the  case 
if  the  wheel  were  made  in  one  piece  or  on  one  plane,  and  the  con- 
sequent wear  and  strain  is  greatly  reduced.  The  dish  of  the 
wheels  is  usually  balanced  by  slightly  inclining  the  axle  spindle 
from  its  centre  line,  thus  bringing  the  lowest  spoke  to  a  nearly 
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vertical  position  with  relation  to  the  ground.  A  great  resisting 
power  to  shocks  produced  by  obstacles  such  as  is  afforded  by 
dished  wheels  is  of  far  less  importance  in  vehicles  designed  tor 
good  roads,  as  are  most  automobiles,  which  need  only  such  in- 
clination of  the  spokes  as  will  provide  for  the  even  distribution  of 
shocks,  and  the  maintenance  of  uniformity  in  pressure. 

Advantages  Attained  by  Dishing  — The  signiflcance  of  the 

word  "dish"  is  obvious,  when  we  consider  that  it  indicates  a  dia- 
metrical section  of  about  the  shape  of  a  saucer  or  shallow  dish. 
While,  as  we  have  seen,  this  shape  furnishes  a  very  desirable 
spring  effect  against  sidewise  strains  and  shocks,  such  as  are 
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met  in  swinging  around  a  corner  or  sliding  against  a  curb — since, 
although  a  wheel  is  always  weakest  sidewise,  it  is  difficult  to 
thrust  a  cone  inside  out — there  are  several  constructional  con- 
siderations that  render  it  a  desirable  feature  for  wagons  of  all  de- 
scriptions. The  first  of  these  has  reference  to  maintaining  a 
balanced  hang  to  the  wheel.  Under  the  conditions  of  travel 
a  wheel  acquires  the  tendency  to  crowd  on  or  off  the  spindle, 
with  the  result  that  it  eventually  wears  loose,  as  may  be  fre- 
quently found  particularly  on  heavy  carts.  Since  the  spindle  is 
tapered  it  is  necessary  that  its  outer  centre  should  be  lower 
than  the  inner,  and,  then,  in  order  to  counteract  the  outward  in- 
clination of  the  wheel,  and  consequent  tendency  to  roll  out- 
wardly, the  spindle  end  must  be  also  carried  forward  sufficiently 
to  make  the  wheel  "gather,"  which  is  to  say,  follow  the  track. 
A  moderate  dish  contributes  to  the  end  of  bringing  the  tire 
square  to  the  ground,  while  at  the  same  time  enabling  the  wheel 
to  rotate  without  undue  wear  at  the  axle.  Another  constructional 
advantage  involved  in  the  dishing  of  wooden  wheels  relates  to 
the  method  of  shrinking  on  the  iron  tire.  As  is  known,  the  tire  is 
first  forged  to  as  nearly  the  required  diameter  as  possible,  after 
which  it  is  heated,  so  as  to  cause  it  to  enlarge  its  diameter  and 
in  this  state  placed  about  the  rim  of  the  wheel.  When  once  more 
cooled  it  fits  tightly.  As  frequently  happens,  however,  a  tire  is 
made  somewhat  too  small  for  a  wheel,  which  involves  that,  in 
the  act  of  shrinking,  it  will  either  force  the  wheel  into  a  polygonal 
shape  or  crush  one  or  more  of  the  spokes.  By  giving  the  wheel 
a  dish,  the  shrinkage  of  the  tires  merely  increases  the  inclination 
of  the  cone  from  base  to  apex,  the  spring  of  the  spokes  being 
quite  immaterial,  all  suffering  to  about  the  same  extent 

Wooden  Wheels  and  Wire  Wheels. — There  are  two  varieties 
of  construction  used  in  automobiles:  the  one  following  the 
theory  of  the  horse-drawn  vehicle,  with  wrought  frame  and 
wooden  wheels ;  the  other  following  the  construction  of  foot-pro- 
pelled bicycles  and  tricycles,  with  tubular  frame  and  wire  wheels. 
However,  wire  wheels  are  used  on  any  kind  of  vehicle,  and,  fol- 
lowing on  the  practices  of  the  early  makers  of  motor  carriages, 
have  gained  wide  recognition  as  the  typical  construction  for  this 
purpose.    The  principal  argument  for  their  use  is  the  combina- 
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tion  of  lightness  and  strength  such  as  no  wooden  wheel  can  attain. 
But  they  lack  elasticity  and  without  pneumatic  tires  are  useless 
for  automobiles.  Indeed,  it  seems  to  be  the  conclusion  of  some 
authorities  that  the  consideration  of  combined  lightness  and 
strength,  urged  alike  for  wire  wheels  and  tubular  frames,  and 
perfectly  proper  in  the  case  of  bicycles,  is  of  the  nature  of  a  super- 
stition, which  is  hostile  to  the  most  advantageous  progress  in 
automobile  construction. 


FiQ.  BB.— A  Thonuu  H 

Relative  Herlts  of  Wheels. — In  order  to  briefly  state  the  is- 
sues involved  in  the  case  of  wooden  wheels  against  wire  wheels, 
we  may  say  that  the  main  requirements  in  any  wheel  are,  not  only 
its  ability  to  sustain  a  considerable  weight  in  its  plane,  but  also 
its  power  to  resist  sidewise  strains.  Now,  while  it  is  widely  con- 
ceded that  a  wire  wheel  will  sustain  a  greater  load  than  a  wood 
wheel,  the  two  being  considered  weight  for  weight,  it  certainly 
will  not  sustain  as  great  a  strain  sideways,  which  represents  the 
line  of  the  wheel's  greatest  weakness.  A  wire  wheel  driven  against 
a  curb  with  sufficient  force  will  have  its  rim  dented,  with  the  re- 
sult of  loosening  all  its  spokes  and  ruining  it.  A  wooden  wheel, 
on  the  other  hand,  may  have  a  gap  in  it  and  still  be  serviceable. 
It  may  even  run  with  one  or  several  spokes  broken  off.  A  wire 
wheel  being  suspended  on  its  spokes — the  load  being  hung  be- 
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tween  the  hub  and  the  perimeter — is  bound  to  suffer  in  propor- 
tion to  the  number  of  points  of  suspension  lost.  A  wooden  wheel, 
being  supported  at  both  hub  and  perimeter  by  its  spokes,  ha^ 
a  certain  power  of  compensating  or  distributing  the  strain,  so 
that,  while  a  deficiency  of  support  is  no  advantage,  it  does  not  al- 
ways involve  destruction. 

Disadvantages  of  Lij^ht  Construction. — On  the  point  of  using 
tubular  frames,  C.  £.  Woods  asserts  that  for  an  electric  cab 
weighing  4,900  pounds  only  200  pounds  is  saved,  while  the  total 
strength  is  no  greater  than  with  wrought  bar  frames  of  suitable 
dimensions.  Moreover,  he  alleges,  that  tubing  is  a  positive  detri- 
ment from  the  fact  that  ordinary  blacksmiths  and  wagonwrights 
cannot  repair  it,  and,  consequently,  that  in  case  of  accident  one 
must  always  resort  to  the  manufacturer.  A  similar  line  of  reason- 
ing is  applicable  to  wire  wheels,  which  involve  the  danger  of 
crystallizing  the  wires  by  unequal  strain  or  adjustment ;  of  crush- 
ing the  rim,  by  running  on  a  deflated  tire ;  or,  of  "buckling"  the 
spokes  by  collision  with  a  curb-stone  or  another  vehicle,  always 
with  the  result  that  others  than  road-side  smiths  must  be  called 
on  for  repairs.  The  sum  of  Mr.  Woods'  argument  is  that  only 
such  constructions  should  be  used  as  may  be  everywhere  readily 
handled  bv  skilled  mechanics. 

The  Use  of  Wood  Wheels. — Mr.  Charles  E.  Duryea,  in  a 
letter  to  the  "Horseless  Age,"  argues  ably  for  the  use  of  wooden 
wheels,  with  the  following  statements  of  advantage:  (i)  The 
construction,  proportions  and  strength  suitable  for  given  require- 
ments have  been  carefully  determined  by  years  of  practical  ex- 
perience. (2)  Being  practically  one  piece,  they  do  not  deteriorate 
by  usage  in  bad  weather  and  are  readily  cleaned.  (3)  If  broken, 
they  may  be  anywhere  repaired,  all  the  parts  being  easily  obtain- 
able. (4)  They  will  often  give  good  service  even  in  a  badly 
damaged  condition.  (5)  Experience  has  shown  that  they  are  far 
more  elastic  than  wire  wheels.  (6)  In  wire  wheels  any  attempt  to 
make  the  hub  of  proper  length  to  give  spread  to  the  spokes  under 
strain  results  in  a  clumsy  appearance.  (7)  If  the  spokes  are  pro- 
portionately strengthened  the  wire  wheel  becomes  heavier  than 
the  wood  wheel.    (8)  The  greater  number  of  spokes  in  a  wire 
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wheel,  and  their  proximity  at  tlie  hub,  where  dirt  and  moisture 
are  collected,  prevents  easy  cleaning  and  promotes  rust.  On 
the  point  of  elasticity  Mr.  Duryea  says:  "As  a  matter  of  fact, 
the  wood  wheel  is  far  more  elastic  than  the  steel  wheel,  as  may  be 
readily  seen  by  watching  a  light  buggy  drive  over  car  tracks  or 
rough  pavements.  The  rims  of  the  wheels  vibrate  sideways, 
sometimes  as  much  as  two  inches,  without  damage  to  the  wheel 
or  axle,  on  which  account  fewer  broken  axles  will  be  had  when 


Fia.  8B.— Hayaee-AppeiBOD  O&sollno  Surrey,  Ode  ol  the  beat-knovD  maki 
motor  carriage  usiiig  wooden  wheeLs. 

wood  wheels  are  used  instead  of  wire  ones.  While  it  is  true  that 
the  pneumatic  tire  practically  removes  the  necessity  of  an  elastic 
wheel,  there  is  no  need  of  refusing  to  accept  a  valuable  feature." 
On  the  wagons  manufactured  by  Mr.  Duryea's  company  wooden 
wheels  with  pneumatic  tires  are  used  with  excellent  results.  His 
opinions  on  the  subject  seem  to  be  shared  by  a  goodly  number 
of  motor  carriage  manufacturers,  notably  Haynes-Apperson,  the 
New  York  Electric  Cab  Co.,  and  the  Autocar  Co.,  all  of  whom 
are  now  using  wood  wheels  most  largely,  if  not  exclusively. 

Dimensions  of  Automobile  Wlieeis. —  The  consideration  of 
wheel  dimensions  is  important  in  automobiles,  and  in  no  other 
particular  is  it  more. essential  that  the  relations  of  size  a^id  use  be 
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accurately  calculated.  In  horse-drawn  vehicles  the  forward 
wheels  are  made  of  smaller  diameter,  in  order  to  allow  them  to 
cut  under  the  body  in  turning.  This  consideration  precludes  the 
possibility  of  making  the  diameter  sufficiently  large  to  ensure  all- 
around  easy  running,  except  by  the  use  of  high  frames  or  long 
axle  shafts.  In  automobiles,  on  the  other  hand,  the  forward 
wheels  may  be  of  any  convenient  diameter;  since  by  the  use  of 
knu<:kle-jointed  steering  axles  a  wide  angle  of  turning  may  be 
obtained  without  using  a  pivoted  axle  shaft.  As  a  general  propo- 
sition we  may  assert  that  the  larger  the  wheel  the  smaller  the 
shocks  experienced  in  passing  over  inequalities  in  the  road  bed, 
and  the  smaller  the  buffing  qualities  required  in  the  tires.  Thus 
it  is  that  a  wheel  five  feet  in  diameter  will  sink  only  one-half  inch 
in  a  rut  one  foot  wide,  while  a  thirty-inch  wheel  will  sink  nearly 
three  times  as  deep,  with  the  result  that  the  resiliency  of  its  tires 
must  be  enormously  larger,  in  order  to  compensate  the  greater 
shock  experienced.  The  larger  wheel  also  rises  less  quickly  over 
obstructions.  These  are  considerations  of  great  importance  in 
motor  vehicles,  in  which  any  device  for  the  reduction  of  vibration 
and  concussion  is  desirable.  Furthermore,  when  a  wheel  is 
properly  tired,  the  road  resistance  to  its  steady  and  even  rotation 
is  decreased  as  the  square  of  the  increase  in  its  diameter,  such  a 
wheel  of  sixty  inches  diameter  decreasing  the  resistance  in  a 
ratio  of  between  50  per  cent,  and  70  per  cent,  as  compared  with  a 
wheel  of  thirty  inches  diameter.  There  are,  however,  other 
methods  for  neutralizing  the  shocks  on  rough  roads.  For,  as 
experience  has  demonstrated,  the  end  of  obtaining  a  low  and 
easy-running  rig  may  be  achieved  quite  as  well  by  increasing  the 
width  of  the  vehicle,  the  length  of  the  springs  and  the  size  of  the 
tires,  as  by  adding  to  the  height  above  the  ground.  By  follow- 
ing this  theory  of  construction,  the  Duryea  Power  Co.  is  able  to 
use  wheels  of  thirty-inch  and  thirty-six-inch  diameter  for  the 
front  and  rear  wheels,  respectively,  and  secure  a  remarkably  easy- 
running  carriage.  They  are  adopting,  however,  a  construction 
which  is,  in  correct  proportions,  very  nearly  equivalent  to  large 
diameter — the  use  of  broad  tires.  For,  as  has  been  repeatedly 
demonstrated,  the  broad  tire  is  superior  to  the  narrow  one  in  the 
very  same  particular,  that  it  will  not  sink  so  quickly  into  mud  and 
sand,  and,  by  its  greater  buffing  properties,  neutralizes  the  con- 
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cussion  othenvise  experienced  with  small  wheets.  Their  thirty- 
eight-inch  springs  are  another  potent  factor  in  achieving  the  de- 
sired end. 


Practical  Points  on  Wheel  Diameter. — While  it  is  no  part  of 
the  province  of  this  book  to  reproduce  the  lengthy  and  elaborate 
calculations  by  which  the  fitness  of  wheels  of  given  diameters, 
breadth  of  tire  and  material  of  construction  is  to  be  determined, 
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Fio.  87.— Diagram  showing  the  relative  drop  into  a  road  rut  between  a  small  carriage 

wheel  and  one  twice  its  diameter. 

we  may  briefly  indicate  a  few  of  the  leading  considerations  which 
have  moved  manufacturers  in  general  to  regulate  themselves  on 
these  points.  It  is  a  distinct  advantage  to  enlarge  the  diameter 
of  motor  carriage  wheels  for  the  purposes  of  obtaining  an  offset 
to  the  concussions  experienced  on  rough  roads,  to  obtain  higher 
speed,  within  certain  limits,  and  to  secure  greater  durability  for 
the  tires.  The  last  consideration  is  of  great  importance,  particu- 
larly when  hard  rubber  tires  are  used.  The  principles  involved 
are  well  set  forth  in  a  recent  article  in  the  "Horseless  Age,"  which 
contains  the  following  statements :  "To  prevent  traveling  on  the 
rim  a  tire  should  bind  the  whole  surface  of  the  rim.    The  higher 
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the  wheel  the  more  adhesive  surface  there  is  for  the  tire.  When 
ihe  tire  is  bound  in  by  lugs  the  natural  kneading  and  straining 
of  it  between  the  lugs  will  in  time  cither  shear  off  the  lugs  or 
loosen  them.  Another  reason  why  a  large  wheel  Is  to  be  pre- 
ferred from  a  tire-maker's  point  of  view  is  that  a  large  wheel  does 
not  turn  round  so  many  times  in  a  given  distance,  and  conse- 
quently does  not  wear  the  tire  so  fast.  If  a  tire  travels  very  fast 
under  a  heavy  load  the  kneading  of  it  causes  heating  and  crack- 


Fro,  n.— Put  Sectkmal  View  of  a  Tubular  BCeel  Wheel,  used  on  muiy  automobOea  ol 

powers.    AHhouKh,  (o  the  d&te  of  the  pr«w--  — '■'—    "■ '— '— '  ' 

authorlttea  is  upon  the  reBpeotire  merfta  of  woou  uiiu  miv  m 
la  Btendiiy  Browtnp  In  faror.  Among  the  advuntapM  clalnieil 
. t.t. 1 1.  . —  .... ..  — ining,  BH  ft  pulley  oi 


niunlly  from  duhlng  or  enwhlnr  with  tb 

and  the  brazing  at  all  Joints;  ability  to  Btanil  the  twb 
In  the  transmlHlon  of  power;  rims  formed  from  a  con' 
hlRh  carbon  eycie  tubing,  oval  la  xbape  and  reiiiIoree> 
alignment  Becureci  by  aaH? mbling  all  parts  in  jiKi'.   As 


hub  to  the  axle  inalHo  nhown.  All  hough,  aa  muht  be  fairly  obvloua,  mch  acomtntc. 
tlon  admlu  of  very  liilie  sidewlse  spring  action  under  at  ret*  of  travel  or  col  I  Won. 
which  la  a  particularly  desirable  fealurc  li>  nooden  wheels,  especially  with  Meel 
lirea,  the  slant  of  the  spokes  e Sect ually  prevents  such  extretneiletormatlon  as  would 
tend  to  disable  a  wood  or  wire  wheel.  The  oval  shape  of  the  spoke  lubea,  and  their 
arrangi-ment  as  regard-  both  hub  and  rim,  enable  the  carrying  of  greater  loads,  in 
proportion  to  welglit,  than  are  possible  Rilb  other  varieties  of  wheel.  It  Is  also 
p<)anlble  to  keep  such  wheels  perfect  ly  clean,  without  rl»k  of  Injury  by  ruBt,  a>  must 
result  from  aitempin  lo  wash  wire  wheelK.  as  already  staled.    Furtherinore,  tubular 

no  process  of  soaking  to  restore  Ibein  to  normal  condltioD, 

ing.  which  are  intensified  on  the  small  wheel.  Our  experience 
has  proved  that  a  large  wheel  greatly  reduces  the  above  difficul- 
ties." 

Troubles  with  Large  Wheels.— As  against  the  above  ad- 
vantages involved  in  the  use  of  large  wheels,  there  are  a  number 
of  objections  of  equal,  if  not  greater,  importance.  Among  these 
may  be  mentioned  the  fact  that,  the  larger  the  wheel,  the  greater 
must  be  its  proportional  strength  and  weight  of  construction,  in 
order  to  neutralize  the  ill  effects  of  torsional  motor  effort,  and 
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Fiaa.  80  and  90.— Two  views  of  the  Thornycroft  Spring  Drive  Wheel.  A  is  the  felloe  of 
the  wheel  carrvlng  the  iron  tire.  B  is  the  revolving  axle,  which  is  independent  of  the 
wheel  except  for  the  spring  secured  to  it  by  the  bolts,  C.  D  is  the  angle  piece  at 
the  felloe  carryinfc  the  lug  to  engage  the  springs,  as  shown. 
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disproportionate  road  resistance.    Indeed,  a  moment's  reflection 

will  show  that  a  wheel  of  sixty-inch  diameter,  built  on  the  same 

dimensions  of  hub,  spokes  and  felloes,  as  a  wheel  of  thirty-inch  ; 

diameter  will  possess  considerably  more  than  twice  the  liability  to 

strain  and  breakage  from  the  causes  above  named.    If  we  may 

assert  that  such  increased  liability,  as  compared  with  the  increase 

of  diameter  is  on  a  ratio  of  three  to  two,  it  is  obvious  that  a  wheel 

of  sixty-inch  diameter  must  be  very  nearly  three  times  as  heavily 

and  strongly  built  as  a  wheel  of  thirty-inch  diameter,  in  order  to 

insure  its  durability.    We  may  readily  judge,  then,  at  about  what 

point  of  increased  diameter  a  light  pleasure  carriage  would  be 

equipped  with  cart  wheels.    This  is  only  one  of  the  numerous 

difficulties  involved  in  attempting  to  use  large  wheels  with  a  , 

modern  high-speed  motor. 

Thomycroft's  Sprinn:  Drive  Wheel. — A  driving  wheel  much 
Hke  those  of  the  Hancock  and  Gurney  carriages  is  used  on  the 
steam  road  wagons  manufactured  in  England  and  America,  under 
the  patents  of  John  I.  Thornycroft.  This  device,  which  is  shown  in 
detail  in  the  accompanying  figures,  consists  of  two  oppositely 
attached  leaf  springs  bolted  rigidly  to  the  end  of  the  rotating  rear 
axle,  and  following  its  motions.  Immediately  in  front  of  these 
springs  is  the  conical  axle  spindle,  and  when  the  wheel  is  set  the 
leaf  springs  engage  lugs  on  the  angle  pieces  bolted  to  the  felloes.  » 

The  result  is  that  the  motive  power  is  transmitted  solely  through 
the  springs  bearing  on  the  lugs,  which  affords  an  exceedingly 
elastic  connection  on  the  very  circumference  of  the  wheel.  Thus 
reducing  the  motor  strain  to  the  lowest  point,  it  relieves  the 
spokes  of  all  strain  beyond  the  dead  load  carried  on  the  wagon. 
In  the  construction  of  wheels  for  this  purpose,  Thornycroft  fol 
lows  Hancock's  wedge  model,  but  utilizes  the  involved  strength 
and  solidity  far  more  effectively.  Similarly  constructed  wheels 
have  long  been  used  on  the  Huber  traction  engines  with  good 
results,  the  claim  being  that  the  yield  of  the  spring  permits  the 
engine  to  keep  moving  until  the  wheel  is  forced  over  an  obstacle  ^ 

in  the  roadway. 
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CHAPTER   EIGHT. 


SOLID   RUBBER  TIRES. 


The  Question  of  Tires. — All  automobiles  and  cycles,  and  a 
large  number  of  horse-drawn  vehicles,  use  rubber  tires.  The 
object  is  twofold:  first,  to  secure  a  desirable  spring  effect; 
second,  to  obtain  the  requisite  adhesion  to  the  road.  While,  with 
properly  constructed  springs,  the  first  result  may  be  achieved 
with  steel  tires,  the  second  is  almost  impracticable  when  the 
power  is  applied  direct  to  the  wheel.  Thus,  if  a  light  automobile 
be  equipped  with  steel  tires,  the  wheels  will  not  drive  on  an  im- 
perfectly resistant  roadbed,  unless  most  of  the  load  be  placed  over 
the  rear  axle,  which,  when  it  is  too  great  in  proportion,  involves 
the  disadvantage,  that  the  steering  will  be  unreliable,  the  forward 
wheels  tending  to  skid,  instead  of  turning  the  vehicle  in  a  positive 
manner.  It  is  not  always  practicable  to  remedy  this  difficulty, 
either  by  strewing  sand  in  front  of  the  wheels  or  by  applying 
power  to  all  of  them.  An  attempt  to  produce  adhesion  by  con- 
structing tires  with  teeth  or  corrugations,  or  by  giving  them 
extra  breadth,  would  increase  the  weight  for  only  temporary  ad- 
vantage. The  simplest  and  readiest  resort  is  found  in  the  use  of 
rubber  tires. 

The  Reduction  of  Vibration. — On  the  point  of  reduced  vibra- 
tion in  a  vehicle,  as  it  is  related  to  the  kind  of  tires  used,  W. 
Worby  Beaumont  says :  "It  must  also  be  remembered  that  the 
greater  comfort  of  the  rider  is  due  to  lessened  severity  of  vibra- 
tion and  shock,  and  this  is  a  relief  in  which  everything  above  the 
tires  participates.  Now,  this  means  a  reduction  in  the  wear  and 
tear  of  every  part  of  the  car  and  motor  which  can  easily  be  under- 
estimated. The  experience  of  the  London  cab-owners,  whose 
records  of  every  cost  are  carefully  kept,  is  a  proof  of  this ;  and 
they  find  that  rubber-tired  wheels  suffer  very  much  less  than  the 
iron-tired,  every  part  that  could  be  loosened  or  broken  by  con- 
stant severe  dither  or  hard  vibration  remains  tight  very  much 
longer,  the  breakage  of  lamp  brackets,  hangers  and  other  parts 
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does  not  occur,  and  that  even  the  varnish,  which  being  hard  and 
breakable,  lasts  a  great  deal  longer.  The  same  immunity  of  the 
high-speed  car  is  obtained  by  pneumatics,  as  compared  with 
solids,  and  its  value  is  greater  in  proportion  to  the  greater  value 
of  the  vehicle."  It  may  be  readily  understood  that,  if  such  a 
consideration  is  of  importance  in  horse-drawn  vehicles,  it  is  even 
more  so  in  the  case  of  automobiles,  whose  parts  are  subjected  to 
strain  both  in  traveling  on  rough  roads  and  also  from  the  vibra- 
tion of  their  own  motors.  This  is  particularly  true  of  carriages 
driven  by  gasoline  engines,  in  some  makes  of  which  the  vibration 
is  often  excessive,  generally  increasing  in  direct  ratio  to  the  speed 
at  which  the  carriage  is  propelled.  Hence,  without  some  kind  of 
buffing  properties  at  the  tires,  disaster  must  soon  follow. 

Rubber  Tires  for  Automobiles. — There  are  two  varieties  of 
rubber  tire  in  use  for  every  kind  of  vehicle  except  cycles;  the 
solid  tire  and  the  pneumatic,  or  inflatable  tire.  As  is  generally 
known,  the  pneumatic  tire  was  first  devised  in  order  to  furnish 
the  needed  resiliency  in  bicycles,  and  for  the  same  purpose  it  has 
been  found  useful  in  automobiles,  particularly  in  connection  with 
wire  wheels.  It  has,  however,  one  notable  disadvantage — ^the 
constant  liability  to  puncture — ^with  the  consequent  danger  of 
being  made  useless.  In  order  to  remedy  this  defect  inventors 
and  manufacturers  have  introduced  such  features  as  thickening 
the  tread  of  the  tire,  increasing  its  resistance  to  puncture  by  in- 
serting layers  of  tough  fabric  ia  the  rubber  walls,  and  even  using 
small  metal  scales. 

Merits  of  Solid  Tires.  —  From  the  standpoint  of  durability 
solid  tires  are  the  best  beyond  question,  not  only  for  heavy  ser- 
vice, but  also  for  high-speed  light  cars.  The  combined  effects  of 
speed  and  weight  work  less  rapidly  upon  them,  enabling  a  greater 
mileage  endurance  than  with  the  best  pneumatics.  Indeed,  it  is 
the  verdict  of  very  many  authorities  that  the  lowest  mileage 
records  have  been  obtained  with  the  use  of  high-priced  pneu- 
matics. Such  tires,  however,  contributing  a  greater  ease  of  travel 
in  most  of  the  ordinary  designs  of  racing  vehicles,  are  used  by 
persons  eminently  well  able  to  afford  the  involved  additional  ex- 
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pense.  Consequently,  the  relative  merits  of  the  extremes  are 
quite  immaterial  to  the  general  public.  Commenting  on  the 
statements  of  a  writer  who  contended  that  the  question  of  tires 
suitable  for  various  kinds  of  vehicles  is  largely  an  open  one, 
Mr.  C.  E.  Woods  writes  as  follows :    "The  writer's  own  experi- 


.- wot  SolldRubberTIre, abowloCBliape  and  methodaof 

■ui,H.-uiiiK  uu  buD  [luis.  Pie.  SI  shon  %  broad  tire,  which  1b  attiwhed  by  forclDR  ovw 
Ihe  edges  of  tbe  chuinel-Hbitped  rim.  to  which  11  ts  vukaolzed,  bdiI  also  secured  by 
endlen  wire*,  welded,  u  (hown.  FLt(.  K  ahowa  a.  lire  secured  by  boltB  throuKb  the 
bue,  >1m>  by  uinulsr  lugi  on  the  Hm  aides  HltloR  liilo  uhannpla.  Fig.  M  ahowa  u 
attacbment  miide  by  connectlna  at  the  base  by  t.  perlplieral  T-uiece,  aJao  by  liolw 
securing  sides  of  chaonel shaped  rim.  All  thrw  vsHetleB  afaow  rloi  cbBQuela,  ao 
sbAped  ss  to  Allow  or  i-onBldersble  distortion,  l&terally,  under  load. 

ence  has  been  very  different  in  its  results.  .  .  .  After  the 
construction  of  a  few  vehicles,  early  in  his  development  of  them, 
on  which  he  went  through  the  same  experience  indicated  by  Mr. 
Condict's  article,  he  adopted  the  hard  or  solid  rubber  exclusively, 
and  designed  diameters  of  wheels,  width  of  felloes,  etc.,  to  accom- 
modate such  sizes  of  tires  as  by  experience  proved  best  suited  to 
the  many  and  diflferent  styles  of  vehicles  to  be  built.  For  he  had 
discovered  that  the  resiliency  of  pneumatic  tires  was  entirely  lost 
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when  the  carriage  was  properly  designed  and  the  weights  proper- 
ly distributed  on  its  points  of  support,  and  the  latter  placed  on 
properly  designed  springs.  The  easy-riding  carriage  for  any  pur- 
pose depends  entirely  upon  its  springs  for  this  quahfication,  and 
there  is  no  reason  why  the  automobile,  with  its  heavier  weight, 
should  be  any  exception  to  the  general  rule.  If,  however,  car- 
riage design  embodies  the  placing  of  a  set  of  batteries  (in 
electric  vehicles)  over  one  set  of  springs,  making  a  very  unequal 
distribution  of  the  load — which  in  itself  is  always  a  faulty  design 
— it  cannot  be  expected  to  be  easy,  and  a  very  large  and  not  too 


Fta.  M. ^Indurated  Pabno  SHlhl  Tire.  This  tliv(sc<nBtnin«d,K)UtopTeTentmita  and 
cutH  arrdu  Miv  treiul,  by  inwrtinK  Htrlpa  of  tougb  lahrlc  around  the  pei-imel«r,  bo 
that  the  e<le<w  are  broucht  Into  contact  with  the  ground.  Wheiv  clear  rubber  would 
yield. the  rabiic  holds  secure.    The  lire  in  attached  by  bolts  through  tbe  bue,  u 

much  inflated  pneumatic  tire  may  help  the  difficulty  a  little.  But 
even  then  when  tires  are  inflated  to  the  pressure  necessary  to  give 
an  economical  power  effect,  there  is  scarcely  any  more  resiliency 
left  in  them  than  that  given  by  a  hard  rubber  tire,  and  their  un- 
sightly and  objectionable  appearance,  as  applied  to  a  general  car- 
riage production,  is  too  well  known  to  need  comment  here," 

Comparative  Values  of  Tires.— On  the  points  here  made,  Mr. 
Woods  seems  to  have  the  support  of  several  experts  in  the  matter 
of  tires,  although  there  is  a  widespread  agreement  tliat  pneu- 
matics are  the  only  suitable  ones  for  high-speed,  high-power 
vehicles.    Mr.  Beaumont  writes  as  follows:  "For  high-speed  run- 
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ning  with  comfort  over  street  crossings  and  level  railway  cross- 
ings, the  expensive  pneumatic  is  necessary,  but  it  is  a  high  price 
to  pay  for  this  luxury,  and  it  will  only  be  paid  by  the  few  who 
will  pay  anything  for  speed.  After  a  while,  when  automobile 
travel  settles  down  to  the  moderate  speeds  of  the  majority,  and 
to  the  requirements  of  business,  the  better  forms  of  solid  or  near- 
ly solid  tire,  in  which  a  comparatively  small  amount  of  internal 
movement  of  the  rubber  takes  place,  will  probably  be  most  used. 
A  hard  pneumatic  tire  is  superior  to  this  for  ease  at  the  bad  places 
in  roads  and  over  crossings,  but  greater  strength  of  material  suit- 
able for  the  purpose  than  is  yet  available  is  required  to  meet  all 
the  conditions." 


na.  9B.— BolU  Rubber  "  Becthmal  Tire."  haTlnc  the  Iread  divided  loto  s  number  of  toolh- 

Uke  nectlDiu.  all  attached  In  one  piece  to  tbe  rubber  bwe.  as  Hhown,  In  uMer  tuglve 

It  bw  been  cJAlmed  tbac  tbe  cotutructlon  permits  ol  real  resiliency. 

Durability  of  Solid  Tires. — From  the  standpoint  of  lessening 
the  vibration  of  running,  and  thus  preventing  considerable 
damage  to  the  vehicle,  Mr.  Beaumont  concedes  that  pneumatic 
tires  are  preferable,  although,  from  considerations  of  durabihty, 
he  prefers  the  solids.  As  to  the  life-pLTJod  of  solid  tires,  under 
constant  use,  he  says :  "With  regard  to  solid  tires,  the  experience 
of  the  London  hansom  cabs  is  of  much  interest.  A  pair  of  ig  or 
if  inch  tires  will  last  from  a  little  over  six  months  to,  at  most, 
nine  months.  The  most  rapid  wear  is  on  those  cabs  which  have 
the  best  and  fastest  horses,  it  we  except  those  cabs  that  have  con- 
stantly to  run  in  districts  where  the  road  surfaces  are  destroyed 
by  the  prevalence  of  tramways,  those  expensive  metallic  admis- 
sions of  the  badness  of  the  ordinary  roads,  and  of  the  incompe- 
tence and  penny-wise  policy  of  most  of  the  road  authorities.    If 
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thirty  miles  per  day  for  the  hansom  driven  by  men  who  are,  as 
most  are,  allowed  two  horses  per  day,  and  assuming  300  days 
per  year,  then  a  year's  mileage  would  be  9,000.  They  run,  how- 
ever, not  more  than  eight  months  at  best  before  tire  renewal,  so 
that  the  mileage  is  not  probably  more  than  about  5,500  to  6,000. 
.  .  .  The  mileage  of  the  tires  on  the  four-wheel  cabs  is  much 
greater,  as  would  be  expected,  from  the  smaller  weight  each 
wheel  carries  and  the  lower  speed.  The  miles  traveled  per  month 
will  also  be  less." 


5tnicturai    Requirements   in   Solid  Tires The  shape  and 

methods  of  attaching  solid  tires  to  the  wheel  rims  must  both  be 
determined  with  reference  to  the  source  and  pull  of  the  strains 
likely  to  affect  them.  The  weight  of  the  vehicle  is  nearly  the 
greatest  source  of  wear,  but  even  this  consideration  is  closely 
rivaled  by  the  torsional  strain  from  the  engine  and  in  braking, 
particularly  in  view  of  the  almost  universal  use  of  comparatively 
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small  wheels.  Indeed,  no  part  of  the  wheel  could  suffer  greater 
strain  than  the  tire  from  the  condition  last  mentioned.  In  view  of 
the  properties  of  rubber  it  may  be  readily  seen  that  increasing  the 
thickness  of  the  solid  tire,  in  proportion  to  the  increased  weight 
of  the  vehicle,  will  largely  neutralize  the  destructive  effects  due  to 
every  cause  involved  in  the  structure  of  the  running  gear  and 
its  load.  By  this  means  is  obtained  a  greater  width  of  tread,  with 
a  probably  smaller  total  abrasion  of  the  surface  from  contact  with 
the  road  bed,  and  a  greater  opportunity  for  distributing  and  neu- 
tralizing the  harmful  strains. 

The  tendency  in  solid  tires  is  that  cuts,  due  to  stones  or  other 
sharp  obstacles,  tend  to  spread  to  the  centre  of  the  tire  across  the 
tread.  This  is  due  to  the  quality  of  the  strains  transmitted  from 
the  wheels,  as  above  noted,  and,  in  order  to  prevent  this  tendency 
from  destroying.the  tire  it  is  necessary  to  vary  the  shape.  Ac- 
cordingly, tires  are  made  with  bevel  edges,  rather  than  on  square 
lines,  and  the  profile  is  slightly  rounded.  This  conformation, 
together  with  good  width  at  the  rim,  is  able  to  provide  for  absorb- 
ing much  of  the  surplus  vibration,  while  decreasing  the  ill  effects 
due  to  the  combined  action  of  a  heavy  load  and  road  resistance. 
On  the  whole  it  greatly  prolongs  the  life  of  the  tire.  The  curved 
surface  at  the  tread  and  the  bevel  edges,  tending  to  flatten  under 
the  load,  provide  a  sufficient  width  to  ensure  good  adhesion  and 
the  other  advantages  belonging  to  a  wide  tire,  while,  at  the  same 
time,  reducing  to  the  minimum  the  tendency  to  spread  tears  and 
cuts,  as  above  mentioned. 

Methods  of  Attachinn:  5olid  Tires.  —  There  are  several 
methods  of  attaching  solid  tires  to  the  rims,  as  is  shown  by  the 
accompanying  figures.  In  these  typical  structures  the  rim  carries 
flanges  at  either  side  to  retain  the  tire,  or  else  these  flange  pieces 
are  bolted  to  the  felloes.  The  tire  is  also  retained  in  place,  either 
by  a  suitable  shaped  T-piece  running  around  the  circumference 
of  the  rim,  by  wires  drawn  up  to  the  proper  tension  and  electri- 
cally welded  at  the  ends,  or  is  simply  vulcanized  to  the  rim.  The 
last-named  method  of  attachment  is  recommended  by  several 
writers  on  the  subject. 


CHAPTER   NINE. 

THE  USE  AND  EFFECT  OF  PNEUMATIC  TIRES. 

Advantages  of  Pneumatic  Tires. — As  against  the  opinion  of 
Mr.  Woods,  that  the  solid  tire  is  preferable  for  all  types  and 
weights  of  motor  vehicles,  most  authorities  still  maintain  that  the 
numerous  advantages  gained  in  the  use  of  pneumatics  cannot  be 
dispensed  with  in  automobiles,  nor  obtained  by  the  use  of  any 
other  devices.  One  very  valuable  quality  of  a  pneumatic  tire  is 
its  resiliency,  or  the  ability  to  bounce  in  the  act  of  regaining  its 
normal  shape  after  encountering  an  obstacle  in  the  road.  On 
encountering  such  a  small  obstacle  as  a  stone,  a  pneumatic  tire 
will  yield  to  a  certain  extent,  absorbing  or  "swallowing  it  up,"  at 
the  same  time  exerting  a  pressure  sufficient  to  restore  its  normal 
shape  after  passing  the  obstruction.  This  quality  begets  two 
advantages  for  easy  driving :  It  does  away  with  much  of  the  lift- 
ing up  of  the  wheel  in  passing  over  obstacles,  which  is  otherwise 
inevitable,  and  also  enables  the  tire  to  obtain  a  better  grip  on  the 
road  bed.  Commensurate  advantages  are  also  derived  from  this 
cushioning  quality  in  colliding  with  obstacles  to  one  side  or  other 
of  the  tread;  whence  the  total  pressure  exerted  through  the 
spokes  is  greatly  reduced  and  such  obstructions  exert  only  a 
fraction  of  their  usual  power  to  retard  the  easy  and  steady  opera- 
tion of  the  motor  and  steering  gear.  In  both  cases,  also,  a  large 
part  of  the  shocks  and  vibrations,  usually  transmitted  direct  to  the 
springs,  are  completely  absorbed.  No  solid  tires  could  furnish 
anything  like  such  advantages  in  operation ;  the  usual  result,  even 
with  the  most  flexible  springs,  being  that  the  motor  is  much 
shaken  or  damaged,  or  its  action  largely  impaired.  This  is  par- 
ticularly true  of  the  use  of  solid  tires  on  electric  vehicles,  the 
damage  resulting,  both  in  point  of  efficiency  and  durability,  hav- 
ing been  estimated  by  several  authorities  as  higrh  as  30  per  cent. 
As  against  this  estimate  we  have  the  above  quoted  experience  of 
Mr.  Woods,  himself  an  expert  and  manufacturer  of  electric 
vehicles.     But  that  it  is  possible  to  supplement  to  a  degree  the 

imperfect  cushion  qualities  of  solid  rubber  tires,  by  the  use  of 

112 


PNEUMATIC  TIRES.  118 

well-suspended  springs,  seems  to  be  suggested  by  the  report  on 
another  American  make  of  electromobile,  as  published  in  the 
"Horseless  Age."  The  writer  there  states :  "The  springs  used 
on  this  machine  were  extremely  flexible,  so  much  so  that  the 
solid  tires  were  extremely  small,  and  the  writer  understands  that 
the  company  intends  to  use  steel  tires  next  year."  No  data,  how- 
ever, are  accessible  on  the  durability  of  the  motors  used,  nor  on 
the  behavior  of  this  exceptional  machine  on  rough  roadways. 

Speeding  Qualities  of  Pneumatic  Tires. — As  has  been 
already  suggested  by  several  quotations,  the  peculiar  properties 
of  pneumatic  tires  are  nowhere  of  greater  advantage  than  under 
high  speed  conditions.  Since  speed  is  one  of  the  principal  con- 
siderations with  both  builders  and  users  of  automobile  carriages, 
another  source  of  the  pneumatic's  popularity  may  be  recognized. 
On  this  point  the  observations  of  Mr.  J.  W.  Perry,  a  tire  dealer 
of  Paris,  are  significant.  He  says  in  a  letter  to  the  "Horseless 
Age" :  "Automobile  builders,  in  the  course  of  competition  with 
each  other,  have  sought  to  make  or  build  machines  of  great  speed, 
and  each  year  has  brought  us  a  stronger  motor,  with  increased 
speed,  until  we  see  now  motors  of  35  horse-power  that  attain 
speeds  of  90  and  100  kilometers  an  hour  (56  to  62  miles).  Nosolid 
tires  could  stand  such  speeds,  and  only  pneumatics  of  the  very 
best  make  can  stand  such  strains.  I  have  made  tests  with  2\ 
and  3  inch  solid  rubber  tires  on  automobiles  ranging  from  16 
to  24  horse-power,  and  on  carriages  weighing  i  ton  to  i^  tons. 
After  many  careful  tests,  I  ascertained  that  both  of  these  automo- 
biles could  run  safely  on  a  good  road  at  a  maximum  speed  of 
42  kilometers,  25  i-io  miles,  an  hour.  When  the  driver  at- 
tempted to  go  beyond  this  speed  (always  on  a  perfect  road)  the 
motor  was  subjected  to  such  fearful  vibrations  that  it  threatened 
its  complete  demolition.  Under  the  same  conditions  of  horse- 
power, weights  and  tires,  but  on  what  is  considered  a  bad  road. 
it  was  impossible  to  attain  more  tKan  15  miles  an  Kour.  The 
sameautos,with  pneumatic  tires  made  60  and  70  miles  an  hour  on 
an  average  road."  While  it  is  perfectly  true  that  the  average 
automobilist  never  contemplates  such  higfh  Speeds  as  Mr.  Perrv 
mentions,  it  is  only  fair  to  indicate  that  speed,  combined  with 
general  road  qualities,  merely  furnishes  the  test  conditions  for 
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the  jar-absorbing,  vibration-neutralizing,  and  adhesion-increasing 
properties  of  pneumatic;  tires.  Furthermore,  as  the  result  of 
numerous  experiments,  it  may  be  correct  to  assert  that  a  tire, 
best  fitted  to  endure  test  conditions  as  to  speed,  is  also  within 
certain  limits  the  most  suitable  type  and  make  to  travel  under 
heavy  loads,  with  a  minimum  of  traction  effort.  For,  as  most 
figures  seem  to  indicate,  the  decrease  of  traction  effort  is  in  ratio 
with  the  elasticity  of  the  vehicle's  support. 


Fia.  97.— A  "Peerlem"  Touaeau  Tourlns  C&r,  equipped  with  wcxideD  wheels  and  broad 
pnoumaltc  tires.  Tbla  cut  furniahes  a  »nwd  object  lessou  oa  the  size  of  pneumaMo 
tlroi  required  for  large  velght.  liigb  speed  motor  carrLogeA, 

Economic  Efficiency  of  Pneumatic  Tires. —  In  a  paper  read 
before  the  International  Automobile  Congress  held  in  1900, 
Michelin,  the  well-known  French  tire-maker,  gave  a  number  of 
statistics  relative  to  the  efficiency  of  pneumatics,  as  compared 
with  solid  rubber  and  metal  tires.  His  experiments  are  interest- 
ing as  showing  how  the  efficiency  of  the  pneumatic  tire,  in  point 
of  traction  economy,  increases  directly  as  the  speed  of  the  vehicle. 
Using  an  electric  wagon,  weighing  1,980  pounds,  on  a  level 
Macadam  road,  and  driving  through  a  distance  of  i.ooc  meters 
in  each  case  under  a  uniform  pressure  of  80  volts,  he  obtained 
the  following  figures  on  traction  effort:  Wlien  running  against 
the  wind,  with  iron  tires,  53.9  amperes;  with  solid  rubber  tires. 
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48.5  amperes;  with  pneumatics,  44.3  amperes,  representing  a 
gain  of  10  per  cent,  for  tlie  solid  rubbers,  and  of  18  per  cent,  for 
the  pneumatics,  as  compared  with  the  iron  tires.  When  running 
with  the  wind,  other  conditions  being  the  same,  the  figures  were : 
With  iron  tires,  50.1  amperes;  with  solid  rubber  tires,  45.2  am- 
peres; with  pneumatics,  41,1  amperes,  representing  a  gain  of  9.8 
per  cent,  for  solids  and  of  18  per  cent,  for  pneumatics,  as  compared 
with  the  iron  tires.  The  average  speed  in  both  cases  was  7.31 
miles  per  hour.    At  a  speed  of  12.31  miles,  he  obtained  a  per- 


Flo.  «.— The  Bailej'  Binglo-Tubo  Pneiimatio  Tire.  The  trftad  la  oovercd  with  conLcal  pro- 
Jectiona,  which  prevent  alipping,  and  at  the  tame  time  promoto  traclian.  According 
to  the  clBlms  of  the  maDafocturen,  puDCCure  la  alio  made  a  more  remold  poaaibilltjr. 

centage  of  gain  13  and  28,  respectively,  for  solids  and  pneumatics ; 
the  wind,  however,  being  unfavorable  during  the  test  of  the  iron 
tires.  Nevertheless,  on  a  slightly  muddy  road,  he  registered 
respective  gains  of  10.8  and  20.5,  running  with  the  wind  at  a 
speed  of  12.5 ;  and  on  a  good  road  bed  at  a  4  per  cent,  grade,  1.7 
and  7.8,  for  a  1,210  pound  wagon  at  6.87  miles.  On  a  5  per  cent. 
grade  covered  with  "sticky  mud,"  the  solid  tires  showed  a  loss  of 
4.7  per  cent.,  and  the  pneumatics  a  gain  of  19. i  per  cent.,  as  com- 
pared with  iron,  at  a  speed  of  11.5  miles;  and  on  the  same  grade, 
with  half-dried  mud,  a  loss  of  7.5  and  a  gain  of  22,  respectively,  at 
a  speed  of  12.5  miles,  the  vehicle  weighing  1,980  pounds  in  both 
cases.  On  the  point  of  such  latter  variations,  Michelin  remarks : 
"The  solid  rubber  tire  is  better  than  the  iron  tire  in  certain  cases, 
especially  at  a  trot,  when  the  ground  is  wet.  very  irregtilar  or 
covered  with  snow;  but  it  becomes  inferior  to  iron  when  the 
road  is  hard  and  smooth ;  in  any  case,  it  never  differs  much  from 
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the  iron  tire,  and  is  always  much  inferior  to  the  pneumatic.  The 
pneumatic,  on  the  other  hand,  is  superior  to  the  iron  tire  by  one- 
half."  As  an  average  of  advantage  in  traction,  the  same  authority 
quotes  a  gain  of  i8  per  cent,  in  economy  of  energy,  and  5  to  6 
per  cent,  in  speed,  and  by  actual  tests  with  weights,  suspended 
on  a  rope  passed  through  a  pulley  and  attached  to  a  carriage 
having  first,  solid,  then  pneumatic  tires,  he  found  a  weight  of 
508.2  pounds  required  to  start  with  solids,  and  437.8  with  pneu- 
matics. 

Durability  of  Pneumatic  Tires.— In  addition  to  the  apparent 
advantages,  in  point  of  absorbing  jars,  giving  better  adhesion  to 
the  road  surface,  saving  traction  effort,  and  neutralizing  the 
noise  and  vibration  of  motors,  pneumatic  tires,  when  of  sufficient 
proportions  and  properly  attached  to  the  wheels,  are,  all  advan- 
tages considered,  also  the  most  durable.  That  is  to  say,  when 
calculating  the  superior  speed,  comfort  and  efficiency  made  pos- 
sible by  pneumatics,  we  find  that  their  durability  is  also  greater. 
On  this  point  Michelin  says:  "Metallic  tires  are  quickly  de- 
stroyed by  the  continual  hammering  to  which  they  are  subjected 
on  stone  pavements,  especially  if  the  wheels  carry  a  heavy  load. 
The  metallic  tires  with  which  MM.  De  Dion  and  Bouton  still 
provide  their  heavy  tractors  are  very  quickly  destroyed.  In  a 
very  short  time  the  tires  are  flattened  and  take  the  form  of  a 
trapeze,  the  large  side  of  which  is  in  contact  with  the  ground." 
As  illustrative  of  the  enormous  wear  thus  entailed,  he  quotes  a 
noted  authority  to  the  eflFect  that  the  tires  of  the  large  transports, 
formerly  used  between  Paris  and  Marseilles,  lost  on  an  average 
of  4  grams  of  metal  per  kilometer,  for  every  1,000  kilograms 
(about  one  ton)  of  freight  load,  giving  for  the  round  trip  "100 
kilograms  (220  pounds)  of  metal  left  in  the  ruts  of  the  road."  M. 
Michelin  quite  properly  exclaims:  "Colossal  figure!"  Yet,  al- 
lowing the  utmost  exaggeration  in  faulty  calculations  or  in 
peculiarly  unfavorable  road  conditions,  we  can  readily  credit  even 
this  statement  on  the  positive  necessity  of  an  elastic  support,  to 
"absorb"  obstacles,  within  reasonable  limits,  rather  than  offer  an 
unyielding,  or  unresilient  surface  for  their  attrition.  Further- 
more, we  may  readily  understand  that  the  average  of  wear,  other 
things  being  always  equal,  must  be  less  when  the  vibrations  are 
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absorbed  by  an  air  cushion  than  when  left  to  affect  the  material 
of  a  solid  rubber  tire.  For  ordinary  trafHc,  with  moderate 
weights  and  speeds,  the  opinions  of  other  authorities,  as  quoted 
above,  are  competent  in  evidence  for  the  solid,  or  semi-solid,  tire, 
but  practically  all  concede  the  superiority  of  pneumatics  for  the 
uses  enumerated  in  the  various  tests  we  have  mentioned.  It  is 
necessary  to  note  in  this  connection,  however,  that,  despite  the 
enormous  ratio  of  wear  for  steel  tires  on  heavy  motor  vans,  they 
seem  to  be  the  only  possible  support  for  such  use.  Pneumatics 
are  out  of  the  question,  since  they  cannot  be  made  of  combined 
size  and  strength  sufBcient  for  heavy  vans,  unless,  as  has  been 


Pia. «.— Tha  New  Tork  B.  A  P.  BInEle-Tube  Tire.  The  exlra  thick  walli  of  this  tire  ren- 
der puncture  lew  eafry,  and  ilIbo  provide  Tor  a ""  cusbLou/*  or  tetul-aoLld,  support  Ln 
caae  of  deflation.  Tiie  method  or  attachmeDt  by  lugs  uid  nuts  to  a  aeml-clrculAr 
channel  la  one  adopted  by  a  targe  number  of  other  tlrea,  affording  a  lecure  hold  at 
the  base  to  aateKuvd  against  creeping. 

suggested,  several  of  them  be  mounted,  side  by  side,  in  parallel 
channels  in  the  rim,  and  the  solid  rubber  tires  are  only  a  shade 
more  durable. 

Analogies  for  a  Bulling  5upport. — In  a  certain  and  very  real 
sense,  the  yielding  tires  of  a  motor  vehicle  supplement  the  action 
of  the  springs,  although  not  permitting  them  to  be  omitted  in 
construction.  In  the  section  on  springs  we  have  seen  that  it  is 
essential  to  correct  theory  and  practice  to  consider  the  vehicle 
and  the  road  it  travels  as  a  working  unity — as  separate,  com- 
ponent parts  of  one  machine.  In  automobile  building  the  prin- 
cipal concern,  in  this  particular,  is  the  vehicle,  which  must  be 
constructed  so  as  to  endure  the  most  unfavorable  conditions  of 
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road  bed.  The  eflfect  on  the  road  is  quite  secondary.  In  the 
construction  of  railroad  locomotives,  on  the  other  hand,  both 
components  of  the  working  unity,  the  vehicle  and  the  tramway, 
must  be  considered :  both  must  be  constructed  to  interact  with  a 
minimal  wear  and  damage.  In  this  connection  we  may  quote 
Matthias  N.  Forney,  a  well-known  locomotive  expert.  In  speak- 
ing of  springs,  which  in  locomotives  perform  some  of  the  func- 
tions delegated  to  flexible  tires  in  automobiles,  he  says :  "A  light 
blow  with  a  hammer  on  a  pane  of  glass  is  sufficient  to  shatter  it. 
If,  however,  on  a  pane  of  glass  is  laid  some  elastic  substance,  such 


Fio.  100.— The  Mlchelin  Clincher  Tire.  In  addition  to  the  lugs  and  wing  nuts  which  hold 
the  outer  tube  ot  this  tire  to  the  base,  flanges  in  the  length  fit  into  the  grooved  rim, 
making  the  attachment  immovable  when  the  tire  is  inflated. 

as  india-rubber,  and  we  strike  on  that,  the  force  of  the  blow  or  the 
weight  of  the  hammer  must  be  considerably  increased  before 
producing  the  above  named  effect.  If  the  locomotive  boiler  is 
put  in  place  of  the  hammer,  the  springs  in  place  of  the  india-rub- 
ber, and  the  rails  in  place  of  the  glass,  the  comparison  will  agree 
with  the  case  above.''  Similarly,  we  may  mention  the  use  by 
printers  of  a  wooden  block  shod  with  leather,  or  any  suitable  sub- 
stance, which,  placed  on  a  form  of  type  and  struck  sharply  with 
a  hammer,  is  efficient  in  producing  a  perfectly  level  printing  sur- 
face. The  same  block,  without  the  yielding  face,  would  un- 
doubtedly batter  the  type  and  injure  the  printing  surface. 
Inversely,  it  is  true  that  the  striking  agent  may  be  worn  and 


PNE  UMA  TIC  TIRES.  119 

damaged — "the  anvil  wears  the  hammers  out,  you  know,"  as  the 
poet  puts  it — whence  the  need  of  a  buffing  medium  to  protect  it 
also.  While  in  automobiles  the  effect  on  the  road  bed  is  incon- 
siderable, the  light  and  delicately-geared  machinery  must  be 
protected  from  damage — the  anvil  must  be  shod.  Whence  it 
follows  that,  in  the  absence  of  anything  like  the  steel  rail  surface 
of  a  railroad,  utility  of  tires  increases  directly  with  their  yielding 
and  shape  restoring  properties.  The  more  readily  these  functions 
are  exercised,  the  smaller  the  wear  on  all  the  elements  composing 
the  working  unity  of  the  machine.  Furthermore,  the  necessity  in 
this  particular  becomes  greater  in  proportion  to  the  weight  and 
contemplated  speed  capacity  of  the  vehicle,  and,  beyond  the  point 
where  pneumatic  tires  are  practical,  must  be  compensated  by 
more  efficient  springs  and  lower  rates  of  travel. 


Fio.  101.— The  G.  &  J.  Tire.  Like  the  Michelin  Tbe,  this  is  attached  at  the  base  by  the 
fit  of  the  case  tube  and  rim  channel,  being  securely  held  when  the  tire  is  inflated.  A 
fa^  on  the  case  tube  saves  the  inner  tube  from  pinching  at  the  base. 

Structural  Points  in  Pneumatic  Tires. — As  we  have  already 
learned,  it  is  exceedingly  desirable  that  a  pneumatic  tire  should 
be  protected  from  puncture  by  thickening  the  tread,  and  by  some 
such  additional  re-enforcement  as  the  insertion  of  layers  of  tough 
fabric.  These  structural  points  are  embodied  in  several  promi- 
nent makes  of  tire.  But  even  with  such  devices  as  these,  the  tire 
is  not  wholly  protected  from  the  wear  and  strain,  inevitable  in 
driving  under  heavy  load.  Where  pneumatics  are  preferable  to 
solid  tires  it  is  because  of  their  superior  resiliency,  and  because 
of  the  greater  elasticity  of  the  enclosed  air.  It  is  evident,  however, 
that  these  advantages  are  obtained  at  the  expense  of  other  quali- 
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ties,  since  the  pneumatic  tires,  being  much  more  yielding  than  a 
solid,  even  with  the  greatest  compression  of  the  contained  air,  are 
immensely  more  pliable  than  solids.  They  are  thus  liable  to  be 
ruptured  and  rendered  useless  by  an  undue  tangential  pull,  or 
any  such  conditions  as  will  increase  road  resistance  or  promote 
tearing  of  the  sides  or  tread.  Such  conditions  must  be  considered 
in  bicycle  construction,  but  are  vastly  more  important  in  auto- 
mobiles. 

The  situation  as  regards  the  use  of  pneumatic  tires  in  automo- 
biles could  be  no  better  summed  than  in  the  words  of  Mr.  Beau- 
mont.    He  says :   "Makers  have  a  problem  of  considerable  im- 


portance before  them  if  they  are  to  respond  to  all  the  require- 
ments of  large  pneumatic  tires  for  considerable  weights.  It  is 
actually  on  the  tread  that  the  obstacle-absorbing  or  deforming 
capability  is  required.  Most  of  the  free  deformation  (under  load) 
must,  therefore,  take  place  elsewhere,  and  this  relegates  the  bend- 
ing to  the  thinner  sides  near  the  rim  and  concentrates  it  there. 
Only  by  adopting  very  high  pressures  and  greater  thickness  of 
textile  material  (at  the  sides)  can  this  be  avoided,  and  this  means 
hard  tires.  Except  for  those  users  to  whom  cost  is  of  no  im- 
portance, this  process  may  go  on  until  the  choice  between  pneu- 
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made  and  solid  or  'compound'  tires  is  a  narrow  one.  It  will, 
however,  always  be  in  favor  of  the  pneumatic  (the  one  of  light 
construction,  as  at  present  largely  used)  where  the  extra  cost  per 
mile  run  is  not  the  first  consideration." 

Construction  of  Pneumatic  Tires  — The  art  of  designing  and 

making  tires  has  advanced  immensely  since  the  first  double  tube 
pneumatics  were  introduced  for  bicycle  use,  about  twelve  years 
since.  The  conditions  attending  their  use  on  all  kinds  of  roads 
have  been  carefully  observed  and  the  dangers  of  rupture  and 
puncture  have  been  reduced  by  proper  constructions  in  a  num- 


Pia.  108.— The  "Gnppler"  Tire.  Instead  of  endlem  wirea,  thii  tire  curies  projecting 
Duieeii  of  ineLAl  atrlpa  at  either  aide  of  the  base,  whtch  preos  Bgunst  the  Inner  over- 
lapinne  ildea  of  the  cbftODel  rtm,  nllanling  a,  secure  attoohmenc. 

f>er  of  particulars.  As  we  have  already  learned,  such  tires  may  be 
injured  in  three  ways;  (i)  They  may  be  punctured  through  the 
tread  by  collision  with  nails,  glass,  sharp  stones,  or  other  cutting 
obstacles,  (2)  They  may  be  ruptured  at  the  sides,  or  on  the  tread 
when  the  walls  are  made  too  thin,  by  violent  contact  of  any  sort, 
by  the  torsional  strain  produced  by  the  motor,  or  when  the  brake 
is  suddenly  applied.  (3)  They  may  be  cut  or  worn  at  points  of 
jointure  to  the  rims,  when  sufficient  precautions  are  not  taken. 
Other  such  sources  of  disablement,  besides  steady  wear  might  be 
enumerated,  but  these  categories  include  most  of  the  familiar 
occasions  of  accident.  Accordingly,  we  find  that  manufacturers 
have  busied  themselves  in  devising  and  producing  means  for  pro- 
tecting pneumatic  tires  at  the  points  most  liable  to  damage,  (i) 
The  tread  is  made  of  extra  thickness  of  rubber,  and  further  rein- 
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forced  by  enclosed  layers  of  textile  material,  which  is  particularly 
efficient  protection  when  inserted  as  strips  cut  bias.  (2)  The 
side  walls  are  similarly  thickened  and  reinforced.  (3)  The  points 
of  contact  and  jointure  are  protected  with  thread  or  woven  fabric. 

Causes  of  Puncture.  — According  to  the  experience  of  several 
tire  experts,  the  devices  ordinarily  employed  to  protect  the  tread 
of  tires  are  largely  useless  from  the  fact  that  they  very  often 
involve  other  causes  of  breakage  in  themselves,  thus  enabling 
the  verdict  that  by  far  the  smaller  proportion  of  tire  disablements 


FiO.  1M.— The  OoodjeM'  Donble-Tntn  lire. 
at  wire,  iroTsn  Ibe  a  cotton  shoeetjiag, 
llBtian,  thus  securing  a  rigid  hold. 

is  due  to  puncture.  By  reinforcing  the  tread  beyond  a  certain 
definite  point  we  contrive  to  shorten  the  tire's  life  on  account  of 
the  more  difficult  bending  of  the  walls,  occasioning  sharp 
comers  and  consequent  rupture  of  the  fabric.  Like  several  other 
causes  of  disablement,  puncture  may  be  said  to  result  most  often 
from  the  use  of  insufficient  diameter  in  the  tires,  rather  than 
from  walls  too  thin  or  yielding.  Indeed,  it  seems  to  be  a  well- 
ascertained  fact  that,  other  things  being  equal,  a  tire  of  propor- 
tions suited  to  the  vehicle  will   resist  puncture,  while  one  of 
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smaller  diameter  will  be  cut  with  very  much  greater  ease.  The 
larger  sizes  of  pneumatics,  such  as  the  four  and  live-inch,  owe 
their  short-lived  usefulness  to  other  causes,  yet,  Mr.  Beaumont, 
to  the  contrary  notwithstanding,  pneumatic  tires  of  four  inches 
diameter  are  more  durable  by  half  than  the  contintuous  solid 
rubber  suited  to  the  same  size  and  weight  of  vehicles,  the  former 
representing  an  average  total  mileage  of  3,000  to  the  latter's 
1,500,  as  result  of  a  number  of  tests  with  heavy  high-speed  vehi- 
cles. In  this  connection  it  is  well  to  remark  that  Mr.  Beau- 
mont's statements  are  accompanied  by  no  figures  or  reports  of 
tests,  which  make  it  probable  that  they  are  based  on  simple 


la.  lOG.— The  Umwer  Sioele-Tube  Tire,  Tills  tIbw  showB  tbe  t 
loneltndinaJ  rubber  buDera  come  ti^ether,  thus  tonnlcg  a  w 
anifpreTBntlng  Ibe  inconTenlent  coosequences  generally  (oil 


le-Tube  Tire,    Tills  tIbw  showB  tbe  Ura  deflated, 
nerally  roUowli 


calculations  gained  from  experience  with  vehicles  of  moderate 
size  in  regard  to  which  they  may  hold  good  within  limitations. 
The  pneumatic  tires  suited  to  bear  the  weight  of  heavy  vehicles 
are  deficient  in  durability  on  account  of  their  large  proportions 
— none  can  be  made  larger  than  five-inch  diameter — thus  no 
statistics  are  trustworthy  which  are  based  on  the  behavior  of 
such  large  pneumatics,  as  compared  with  solid  tires  fitted  to 
smaller  vehicles.  Solid  tires  made  of  size  sufficient  for  the  pur- 
poses of  large  racers,  unless  in  some  way  strengthened  length- 
wise the  tread,  as  are  the  indurated  fabric  tires  recently  intro- 
duced, would  quickly  tear  across  and  become  useless.  Heavy 
vehicles    are,    therefore,    often    equipped    with    sectional    solid 
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rubber  tires,  as  they  are  called,  consisting  of  a  continuous  rub- 
ber band  bearing  a  number  of  tootli-like  sectional  pieces,  pro- 
jecting from  the  circumference.  Some  manufacturers  of  such 
tires  claim  a  good  degree  of  resiliency  for  them,  alleging  this 
style  to  be  "the  only  tire  which  has  withstood  the  tremendous 
wear  and  tear  of  heavy  automobile  use  for  a  satisfactory  length 
of  time." 

Constructional  Requirements  in  Single  Tube  Tires In  an 

article  contributed  to  the  "Horseless  Age,"  Pardon  W.  Tilling- 
hast,  the  inventor  of  the  original  single-tube  pneumatic  tire, 
writes  as  follows  regarding  the  structural  requirements  of  single- 
tube  tires  for  automobiles : 

"To  accomplish  the  best  results  and  manufacture  a  tire  that 
will  be  practically  indestructible,  a  fabric  must  be  employed  in 


proof  agaltuc  OMleiiliit:. 

which  there  is  no  starting  point  of  separation  between  the  fabric 
and  rubber,  and  one  that  does  not  have  a  substantially  smooth 
surface,  or  a  surface  that  is  continuous  in  the  same  plane.  The 
attaching  surface  of  the  fabric  presented  for  union  with  the  rub- 
ber must  be  greatly  in  excess  of  that  furnished  by  the  fabrics  in 
use  at  the  present  time.  A  plurality  of  plies  may  be  used,  some 
of  the  plies  having  a  more  open  weave  or  construction  than  other 
plies,  and  all  plies  separated  by  rubber,  which  will  give  in  effect 
a  single  tube  or  mass  of  rubber,  having  fibrous  threads  extend- 
ing throughout  the  mass  to  prevent  bursting,  and  binding  the 
whole  structure  into  a  substantially  indestnictibte  body. 

"Another  means  of  accomplishing  the  same  end  consists  es- 
sentially of  employing  a  fabric  which,  when  bnilt  into  a  tire,  virfll 
have  the  same  effect  that  a  bath  towel  would  if  it  was  inclosed 
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and  imbedded  in  the  rubber,  with  the  threads  sufiiciently  strong 
to  withstand  the  inclosed  air  pressure,  the  little  loops  or  fibres 
extending  away  from  the  general  plane  of  the  main  fabric  into 
the  surrounding  rubber  and  being  vulcanized  therein,  furnishing 
an  increased  surface  for  union  with  the  rubber;  the  general  sur- 
face line  of  the  fabric  in  each  construction  is  to  be  broken  so 
that  it  is  not  continuous  in  the  same  plane,  and  there  is  no  start- 
ing point  of  separation  between  the  fabric  and  rubber." 

Two  recent  patents  granted  to  Tillinghast  cover  devices  for 
achieving  the  ends  here  mentioned.     One  of  these  tires  is  built 


thread  fkbric  I 


I  ot  the  Inbrle  Into  a 


up  with  a  number  of  strands  of  thread  running  longitudinally 
on  the  tube  and  wound  spirally  with  other  threads  which  hold 
them  securely  under  inflation.  The  spiral  windings  are  then 
pushed  along  the  length  of  the  tube,  so  as  to  reduce  the  distance 
between  the  windings  from  one-quarter  inch  to  less  than  one- 
eighth  inch,  with  the  result  that  the  intermediate  sections  of  the 
longitudinal  threads  are  pushed  up  into  series  of  loops,  thus 
forming  stronger  attachments  for  the  fabric,  when  held  in  the 
material  of  the  rubber  wall  built  up  over  this  layer  of  threads. 
Tillinghast's  other  patent  covers  a  method  of  strengthening  the 
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fabric  against  any  cause  that  would  tend  to  bursting  or  tearing 
the  walls,  and  specifies  a  series  of  plies  or  layers  of  threads  wound 
on  in  two  diagonal  directions,  each  one  being  in  a  more  open 
construction  than  the  last,  the  closest  construction  being  on 
the  inmost  ply  of  the  tire. 

AttachinsT  Single-Tube  Pneumatic  Tires. — The  typical 
method  of  attaching  a  pneumatic  tire  to  the  wheel  is  that  made 
familiar  in  bicycles.  Where  a  wood  rim  is  used  the  process  is, 
briefly,  to  thoroughly  clean  the  surfaces  of  both  tire  and  rim,  after 
which  two  successive  coats  of  shellac  varnish  are  applied  to  both 
and  allowed  to  dry.  This  varnish  is  made  by  dissolving  two 
pounds  of  gum-shellac  in  one-half  gallon  of  alcohol.  Another 
method  of  preparing  rubber  cements  for  similar  purposes  is  to 
dissolve  shellac  in  ammonia.  The  practice  with  ordinary  shellac 
varnish  is  to  apply  and  let  dry  two  successive  coats,  after  which  a 
third  coat  is  given  to  both  tire  and  rim  and  the  tire  is  attached, 
valve  first,  and  secured  in  position  by  a  good  degree  of  inflation. 
The  varnish  is  thus  able  to  increase  the  tire's  adhesion  to  the  rim 
so  long  as  it  remains  inflated.  Thus  the  inflation  of  the  tire  is  an 
essential  element  to  the  end  of  retaining  its  hold  on  the  rim ;  for 
the  coating  of  shellac  would  speedily  tend  to  lose  its  grip  if  the 
inflation  becomes  sufficiently  imperfect.  As  the  result  of  in- 
sufficient inflation,  among  other  causes,  there  are  two  familiar 
occasions  of  accident :  The  tire  will  "creep,"  or  move  longitud- 
inally upon  the  periphery  of  the  rim ;  or  it  will  "roll"  off  the  edge 
sideways. 

Tiie  Creeping  of  Tires. — The  creeping  of  a  tire  is  due  to  the 
fact  that  the  weight  of  the  vehicle,  in  process  of  travel,  tends  to 
centralize  the  pressure  on  the  rubber  walls,  and  cause  the  tire  to 
bulge  just  forward  of  the  point  of  contact  with  the  ground.  As 
may  be  readily  recognized,  a  continued  succession  of  such  bulg- 
ings  tends  both  to  loosen  the  adhesion  of  the  tire  and  the  rim, 
and  also  to  cause  the  tire  to  push  forward  from  the  ground,  and 
thus  around  the  rim,  in  the  effort  to  relieve  and  distribute  the 
pressure.  As  a  result,  when  inflation  is  insufficient,  great  strain 
and  pull  will  be  exerted  where  the  valve  is  joined  to  the  tire,  and 
a  rupture  often  follows  at  that  point.    Even  were  it  possible  to 
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obviate  the  last-named  accident,  it  is  evident  that  the  service  of 
a  tire,  thus  loosened  by  the  creeping  process  is  impaired.  More- 
over, it  would  inevitably  roll  sideways  from  the  rim  before  it  had 
been  long  in  use.  Also,  if  loose,  it  chafes  at  the  rim  and  wears 
quickly. 

Attachments  That    Prevent   Creeping. — It  seems  to  be  a 
well-established  conclusion  that  a  single-tube  pneumatic  is  more 


Fio.  109.— Showing  the  method  of  remoriag  the  case  tube  of  a  Dunlop  tire.  Two  tools, 
like  that  shown  at  top  of  the  flgure.  are  inserted  between  the  rim  channel  wall  and 
the  tire,  as  at  A,  after  deflation.  The  edge  of  the  tube,  being  pushed  into  the  central 
channel,  is  then  raised,  as  at  B.  When  one  wire  ring  has  been  raised  above  the  edge 
of  the  channel,  the  case  tube  is  worlced  off,  as  shown.    (See  Fig.  103.) 

liable  to  creep  than  one  of  the  double  tube  variety.  However, 
this  may  be  in  some  measure  owing  to  the  fact  that  the  structure 
of  double  tube  tires  more  readily  permits  the  use  of  devices  for 
promoting  rigidity  at  the  base,  and  that  the  majority  of  them  are 
equipped  with  such  devices.  Perhaps  the  simplest  attachment  of 
the  kind  is  that  shown  in  the  figure  of  the  New  York  Belting  and 
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Packing  Co/s  heavy  single  tube  tire.  A  series  of  chaplet  heads 
carrying  lugs  are  inserted  in  the  layers  of  fabric,  and  these  lugs, 
being  passed  through  holes  drilled  in  the  rim,  are  secured  in  place 
by  screws  and  washers.  Given  strong  layers  of  fabric,  as  is 
always  essential  to  the  success  of  this  construction,  it  is  evident 
that  the  tire  will  have  a  very  rigid  attachment  to  the  rim  at  the 
base,  by  which  the  evil  eflFects  of  creeping  will  be  reduced  to  the 
lowest  point,  if  the  tendency  is  not  practically  jbviated.  It  has 
been  widely  used  with  both  varieties  of  pneumatic  tires,  its  suc- 
cess with  double  tubes  having  been  particularly  good  in  con- 
nection with  the  Michelin  clincher  and  others  of  similar  pattern. 


Fxo.  110.— Method  of  repairing  a  single  tube  tire.  In  case  of  puncture,  mushroom  patches, 
as  at  A,  are  inserted  in  tlie  hole,  which  is  uHually  enlar^'ed  witli  a  red  hot  wire. 
Liquid  cement  is  then  injected,  as  at  B,  from  a  specially  prepared  syringe,  furnished 
with  all  repairing  outfits.  The  patch,  also  cemented,  is  then  inst-ried,  as  at  C.  Its 
position  in  the  tube  is  shown  at  D  ;  where  it  is  pulled  into  sliape  by  the  thread 
tied  to  its  stem  and  held  bv  the  pressure  of  inflation.  Wlicu  the  tire  is  inflated  hard 
the  patch  stem  is  cut  off,  and  the  tube  and  rim  are  wrapped  about  with  moist 
cementod  tape,  as  at  D  in  Fig.  111. 


Care  and  Repair  of  Pneumatic  Tires.— As  we  have  already 
seen,  there  are  two  varieties  of  pneumatic  tire,  designated  re- 
spectively as  the  "single-tube"  and  the  "double-tube."  The  latter 
was  invented  and  introduced  by  an  Englishman,  Dunlop,  now  so 
widely  known  for  his  work  in  this  field,  about  1888;  the  former, 
by  Pardon  W.  Tillinghast,  of  Providence,  R.  I.,  about  two  years 
later.  The  immense  impetus  immediately  given  to  the  bicycle  in- 
dustry by  the  successful  production  of  an  inflatable  support  is 
historic.    Previous  to  this  period  some  bicycles  manufactured  by 
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the  Overmans,  of  Springfield,  Mass.,  had  been  equipped  with  a 
"cushion  tire,"  which  was  an  arch  of  heavy  rubber  attached 
by  its  feet.  It  was  an  improvement  in  many  respects  on 
the  solid  rubber  tires,  until  then  in  universal  use,  but  aflForded,  at 
best,  a  very  poor  imitation  of  resilient  wheel  support.  Such  a  tire, 
of  course,  required  no  inflating,  and  was  not  injured  by  simple 
punctures  in  its  tread.  Hence  it  involved  no  troublesome  processes 
of  repair,  whenever  disabled.  Pneumatics,  on  the  other  hand,  are 
entirely  disabled  by  puncture,  although,  unless  of  an  unusually 
serious  nature,  such  injuries  may  be  repaired  on  the  road.     In 


B 
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Pio.  111. — Showing  method  of  repairing;  Hmall  punctures.  Instead  of  nnushrooni  patchoM, 
ordinary  rubber  elastic  bands  are  strung  on  the  kind  of  tool  shown  at  A,  as  at  B. 
Rubber  cement  is  then  injeote<i  into  the  tube  of  the  tire  through  the  puncture,  and 
also  smeared  on  the  rubber  bands,  held  as  at  B.  The  tool  carryhi^  the  bands  is  then 
inserted  in  the  puncture,  as  at  C;  the  nrotrudin^  ends  of  the  rublHT  bauds  are 
pared  off,  and  the  tire  tube  is  wrap(>cd  with  comcated  tape,  as  shown  at  D. 


point  of  ease  of  repair,  the  single  tube  pneumatic  is  preferable, 
and  this  was  one  of  the  considerations  which  led  to  its  almost 
universal  adoption  for  bicycles,  instead  of  the  double  tubes  first 
used.  The  double  tubes,  however,  possess  so  many  advantages  in 
other  directions,  some  of  which  we  have  already  learned,  that  the 
last-named  consideration  is  quite  counterbalanced  in  the  calcula- 
tions of  automobile  manufacturers.  In  both  varieties  of  tire  the 
outer  layers  of  rubber,  which  are  alternated  with  layers  of  fabric, 
are  of  a  quality  best  calculated  to  resist  wear,  and,  with  the 
enclosed  fabric,  present  a  tough,  though  elastic,  surface  to  the 
ground.    The  air  tubes  in  both  arc  of  pure  rubber,  of  practically 
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no  strength,  but  of  the  greatest  efficiency  in  retaining  air.  Thus, 
when  the  tire  is  inflated,  the  air  is  retained  by  the  inside  rubber 
tube  and  prevented  from  leaking  through  the  interstices  in  the 
rubber  and  fabric  layers  surrounding  it.  The  single-tube  tire 
diflFers  from  the  double-tube  in  the  fact  that  the  inner,  or  air, 
tube  is  vulcanized  to  the  outer,  or  cover,  tube;  while,  in  the 
double-tube  variety  they  are  separately  attached  to  the  wheel  rim, 
and  should  not  be  in  contact  except  under  inflation.  As  may  be 
understood  on  reflection,  a  puncture  through  the  tread  of  a 
single-tube  tire  may  be  readily  repaired  by  the  use  of  mushroom- 
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Fio.  112.— The  "  Kelly  ^^  Tire  Re{>airing  Tool.  This  instrument  consists  of  a  hollow  and 
slotted  awl,  niade  to  slide  witliin  a  cylindrical  sleeve  having  a  bell-shaped  end.  In 
case  of  puncture  rubber  cement  may  be  forced  into  the  tire  through  the  hollow  awl. 
Several  rubber  bands,  generally  six,  are  then  attached  to  the  instrument,  as  shown; 
one  end  of  each  being  inserled  in  the  slotted  point  of  the  awl,  the  other  ends  being 
hung  on  the  pins  projectuig  at  the  sides  of  the  sleeve.  The  needle  is  then  forced  m 
fully,  the  sleeve  oeing  still  held  away  from  the  surface  of  the  tire.  Then  the  bell- 
shaped  end  of  the  sleeve  is  set  against  the  tire,  enabling  the  needle  to  be  withdrawn, 
leaving  one  end  of  each  band  projecting  inward  througli  the  puncture,  the  other  end 
being  loosened  from  the  pins.  The  ends  of  the  bands  may  then  be  i>arod  off,  leaving 
the  surface  smooth. 

Fig.  112a.— The  "  Sonne voye  "  Repairing  Strap.  In  addition  to  the  patches  for  covering 
punctures  on  the  inner  tube,  tnis  strap  is  buckled  around,  as  shown,  to  further  close 
and  protect  the  injured  point. 

shaped  rubber  patches,  which  are  carefully  inserted  in  the  hole 
and  secured  in  place  with  cement  under  the  pressure  of  inflation. 
With  the  double-tube  tire,  on  the  other  hand,  the  casing  tube 
must  be  removed  from  the  inner,  upon  which  suitably-sized 
patches  are  then  cemented,  or  still  more  elaborate  repairs  made, 
according  to  the  gravity  of  the  accident.  In  cases  of  emergency, 
as  when  a  puncture  occurs  on  the  road,  the  double-tube  tire  may 
be  repaired  in  the  same  manner  as  the  single-tube,  thus  involving 
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that  the  tubes  be  cemented  together,  but  the  repair  man  can 
readily  cut  the  adhesion  with  benzine  or  gasoline  and  make  the 
necessary  repairs  in  the  proper  fashion.  With  a  single  tube  tire 
the  patch  is  put  on  the  inside  of  the  air  tube,  as  shown  in  the 
figures,  being  held  in  place,  until  the  cement  sets  by  the  pressure 
of  the  contained  air.  But  in  case  of  puncture  in  an  inner  tube  of 
a  double-tube  tire,  a  patch  of  cemented  rubber  or  other  adhesive 
is  generally  attached  on  the  outside  of  the  air  tube.  The  adhesion 
is  then  maintained,  until  the  cement  has  set,  by  the  pressure  of 
the  air  tube  against  the  case  tube.  In  order  to  afford  protection 
to  this  patch,  rubber  bands  have  been  recently  introduced  which 
buckle  around  the  injured  section  and  retain  the  patch  under  in- 
flation. This  operation  of  patching  an  inner  tube  may  be  per- 
formed by  the  roadside  by  an  experienced  hand,  when,  as  fre- 
quently happens,  necessity  so  demands. 

Proportions  of  Pneumatic  Tires. — Very  nearly  the  most  im- 
portant consideration  in  point  of  securing  durability  and  long 
service  in  a  pneumatic  tire  is  that  it  should  be  of  dimensions  suited 
to  the  vehicle  it  must  support.  Many  accidents  and  other  disable- 
ments have  arisen  from  the  habit  of  using  tires  too  small  for  the 
load.  On  the  other  hand,  no  particular  advantage  can  come  from 
using  tires  that  are  too  large.  The  dimensional  limits  for  practical 
pneumatic  tires  are  between  diameters  of  i^  and  5  inches,  but 
the  service  requirements  of  most  automobile  carriages  fall  far 
within  these  figures.  As  given  by  a  well-known  tire-manufactur- 
ing firm,  the  following  figures  represent  about  the  correct  pro- 
portions for  single-tube  tires : 

For  static  load  up  to  250  pounds,  use  a  tire  of  ij-inch  outside 
diameter. 

For  static  load  between  250  and  400  pounds,  use  tires  of  2-inch 
outside  diameter. 

For  static  load  between  400  and  600  pounds,  use  tires  of  2j-inch 
outside  diameter. 

For  static  load  between  600  and  1,200  pounds,  use  tires  of 
3-inch  outside  diameter. 

For  static  load  between  1,200  and  2,500  pounds,  use  tires  of 
4-inch  outside  diameter. 
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For  static  load  between  2,500  and  5,000  pounds,  use  tires  of 
5-inch  oiilsicic  diameter. 

For  double-tube  tires  the  same  figures  apply  approximately. 
The  manufacturer  of  the  G,  &  J.  tires  gives  the  following  figures; 

For  a  static  load  of  600  pounds  or  less,  use  tires  of  2j-incti 
diameter  on  case  tube. 

For  static  load  of  600  to  900  pounds,  use  tires  of  2J  or  3  inch 
case  tul>e  diameter. 

For  static  load  of  900  to  i,zoo  pounds,  use  tires  of  3-inch  case 
lube  diameter. 


Fio.  Ua.— ADeDionOasollns  Quadricycle, 'or  curving  two  penodi.  ThteTODicle  cod- 
listB  ot  a,  motor  tricycle  wboK  forwud  whtHi]  bos  been  retnoTod  In  order  to  Bllinr 
attiiclimoiit  to  the  two-wheeled  rore-carrlage,  u  Bhown. 

Although  these  figures  seem  to  indicate  that  double-tube  tires 
of  somewhat  smaller  diameter  may  be  safely  used,  it  is  quite  cer- 
tain that  the  estimates  are  rather  general  than  specific,  and  that 
the  question  of  proper  tires  for  each  particular  vehicle  is  settled 
with  reference  to  the  extreme  wheel  diameter  and  other  propor- 
tions. For  a  motor  carriage  demands  not  only  an  elastic  sup- 
port, but  also  one  of  sufficient  contact  surface  to  enable  its  resili- 
ency and  adhesion  to  be  efficient  under  load  and  at  good  speeds. 
Thus,  while  it  is  desirable  to  strengthen  the  rubber  and  fabric 
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walls  as  much  as  possible  against  puncture  and  all  undue  wear 
and  tear,  it  is  even  more  important  that  the  cubic  content  of  the 
air  chamber  should  be  of  a  proportionate  size  to  give  commen- 
surately  good  results. 

Tbe  Effects  of  Resiliency  in  Tires. — A  practical  test  of  re- 
siliency may  be  made  by  lifting  a  bicycle  or  vehicle  wheel,  bearing 
an  inflated  tire,  and  allowing  it  to  fall  a  foot  or  so  to  the  ground. 
The  result  will  be  that  the  entire  structure  will  rebound  a  con- 
siderable number  of  times  before  falling  flat,  which  fact  shows 
how  efficient  a  spring  device  is  interposed  between  the  vehicle 
and  the  road  surface;  also,  how  great  a  capacity  for  absorbing 
small  jars  is  employed  in  addition  to  the  springs.  If,  now,  a 
wheel  shod  with  a  solid  rubber  tire  be  allowed  to  fall  to  the 
ground  in  similar  fashion,  very  little,  if  any,  rebound  will  be 
observed,  which  goes  to  show  that  the  solid  tire  possesses  no 
capacity  whatever  for  supplementing  the  springs  in  the  absorption 
of  jars;  it  throws  all  of  this  work  upon  the  springs,  which  must, 
in  consequence,  be  exceedingly  well  calculated,  in  order  to  pre- 
vent excessive  vibration  and  rocking  of  the  carriage  body.  This 
is  the  reason,  as  already  stated,  that  it  is  impossible  to  attain 
high  speeds  on  ordinary  roads  without  the  use  of  pneumatic 
tires.  The  roads  in  such  cases  need  to  be  smoothed  in  some 
manner,  and,  as  must  be  obvious  on  reflection,  this  function 
does  not  properly  belong  to  the  wagon  springs  and  cannot  be 
delegated  to  them  without  considerable  inconvenience.  In  a 
few  words,  the  case  of  the  motor  carriage  is  precisely  similar 
to  that  of  the  railroad  car,  which  has  the  rails  of  the  track  to 
render  possible  the  desired  ends  of  perfect  traction  and  high 
speed,  with  the  minimum  of  jar  and  vibration ;  it  has  a  ready 
smoothed  road  to  run  on.  The  motor  carriage  cannot  have  such 
a  track,  hence  must  make  its  own  smooth  and  even  traction 
surface,  as  it  moves  along. 

Testing:  Pneumatic  Tires — As  seems  reasonable  on  reflec- 
tion, there  is  a  vast  difference  in  point  of  resiliency  between  the 
various  makes  and  grades  of  pneumatic  tires;  also  between 
tires  of  different  sizes,  and  between  single-tube  and  double-tube 
tires.  Usually  the  diameter  of  the  tire  to  be  used  is  calculated 
with  reference  to  the  weight  of  the  vehicle,  the  idea  being  that  a 
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g^ven  diameter  of  tube  will  yield  a  certain  proportionate  resilient 
effect  and  tractive  efficiency.  There  is,  however,  a  very  close 
connection  between  the  two  properties,  since  a  tire  whose  reac- 
tive quality  is  high  is  superior  for  traction  to  one  that  is  more 
rigid.  This  is  true  because  greater  compressibility  entails  a 
broader  surface  to  bear  upon  the  road,  while  a  greater  reactive 
power  in  a  tire  in  resuming  its  proper  shape  after  deformation 
under  load,  or  from  contact  with  obstacles,  requires  a  smaller 
traction  effort  to  ensure  forward  progress.  Hence,  to  determine 
the  serviceability  of  a  tire  the  question  of  its  resiliency  as  com- 
pared with  others  is  very  nearly  paramount. 

Duryea*s  Tests  for  Resiliency. — Very  few  statistics  on  this 
subject  have  been  published  up  to  the  present  time,  and  very  few 


Fio.  lit.— Diagram  showing  test  of  resiliency  of  a  pneumatic  tire,  on  wheel,  dropped  to 
the  floor  from  a  meaHured  distance  above,  and  tracing  its  rel>ounds  by  a  resiliometer, 
as  described. 

systematic  experiments  for  determining  this  point  have  been 
made.  Perhaps  the  most  exhaustive  investigations  were  those 
conducted  by  C.  E.  Duryea,  some  years  since,  by  way  of  de- 
termining the  merits  of  various  makes  of  bicycle  pneumatics.  In 
a  paper  on  the  subject  communicated  to  the  writer  and  subse- 
quently published  in  a  prominent  automobile  journal,  Mr.  Dur- 
yea writes  as  follows : 

'*In  the  course  of  experiments  with  cycle  tires,  the  writer  built 
a  simple  resiliometer,  believed  to  be  the  first  in  the  United  States, 
for  the  purpose  of  testing  the  comparative  resilience  of  the  differ- 
ent tires  then  in  use.    This  device  consisted  of  a  bar  six  or  eight 


130  SELF-PKOPELLED    VEHICLES. 

(cct  long,  forming  an  extension  of  a  wheel  axle,  the  end  of  the  bar 
Ijeing  pivoted  to  the  wall  at  the  height  of  the  axle.  On  this  bar 
a  pencil  was  fixed  to  bear  against  a  vertical  plane  surface  adapted 
to  slide  toward  or  from  the  wheel.  On  this  surface  paper  cards 
were  attached,  and  the  tire  to  be  tested  was  placed  on  the  wheel. 
The  wheel  was  then  lifted  a  given  distance  and  supported  by  a 
prop.  Moving  the  slide  produced  on  the  card  a  line  indicating 
the  height  from  which  the  wheel  would  fall.  Tripping  the  prop 
and  moving  the  slide  at  the  same  time  produced  a  series  of  zig- 
zag lines,  as  shown  in  the  cut,  each  being  lower  than  the  pre- 
ceding in  a  practically  fixed  relation.  After  the  wheel  quit  bounc- 
ing, another  line  would  be  drawn  showing  the  normal  position 
of  the  wheel  when  resting  on  the  ground.    The  height  of  the  first 


rebound  above  the  lower  line,  as  compared  with  the  distance 
between  the  lines,  was  taken  as  the  measure  of  tlie  tire's  resilience 
for  the  purpose  of  comparison  with  other  tires. 

"Many  hundreds  of  cards  were  made,  both  from  smooth  sur- 
faces and  from  obstacles,  such  as  a  one-inch  rod  resting  on  the 
floor  across  the  path  of  the  tire.  A  tire  that  gave  good  results 
from  a  smooth  surface  would  not  necessarily  give  good  results 
from  an  obstacle,  while  the  tire  that  gave  good  results  from  a 
rough  surface  generally  gave  good  results  from  a  smooth.  Tires 
of  equal  size  and  weight,  as  nearly  as  possible,  were  tested  at 
equal  air  pressures  and  also  at  different  air  pressures.  The  re- 
sults of  the  tests  showed  that  good  tires  possessed  a  resiliency  of 
eighty-five  to  ninety  per  cent,  under  favorable  circumstances. 
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while  Other  tires  fell  as  low  as  fifty-five  to  sixty  per  cent,  under 
the  most  favorable  tests  that  could  be  given  them — clearly  a  vast 
difference,  and  to  the  writer  an  unexpected  one 

Tests  on  the  Quality  of  the  Fabric — ''The  tests  further 
showed  that  the  fabric  of  the  tire  should  be  free  to  yield  in  a 
direction  lengthwise  of  the  tire  and  that  the  air  should  be  con- 
fined by  threads  encircling  the  tire  transversely,  i.  e.,  around  its 
smallest  section.  These  tests  were  amply  borne  out  in  practice 
by  the  adoption  of  thread  tires,  which  are  admitted  to  be  much 
faster  than  woven  fabric  or  canvas  tires. 

"The  tests  further  demonstrated  that  the  tire  should  be  held 
on  by  some  means  other  than  the  strength  of  the  fabric,  for  if 
the  fabric  must  hold  the  tire  the  threads  must  run  more  or  less 
lengthwise  of  the  tire,  whereas,  as  already  stated,  the  best  re- 
sults were  obtained  by  placing  the  threads  crosswise  of  the  tire. 
This  same  placing  of  the  threads  has  an  advantage  in  the  matter 
of  durability,  for  it  is  quite  evident  that  the  strength  of  the  fabric 
will  be  preserved  longer  if  it  is  called  tipon  to  hold  the  air  only 
than  if  doing  double  duty  by  holding  the  tire  on  the  rim  as  well. 

"A  third  factor,  which  has  an  important  bearing  on  light 
tires,  or  with  heavy  loads,  is  the  receptive  ability  of  the  tires.  If 
the  fabric  is  free  to  yield  lengthwise  the  obstacle  will  push  into 
the  tire  without  damaging  the  fabric  and  without  lifting  the  load. 
With  an  iron  tire,  for  example,  an  obstacle  like  a  marble  will 
force  the  load  to  be  lifted  over  it,  whereas  a  rubber  or  pneumatic 
tire  with  fabric  free  to  yield  lengthwise  simply  receives  the  mar- 
ble without  lifting  the  load.  Prints  of  the  positions  assumed  by 
the  surfaces  of  different  tires  were  made  by  placing  a  lead  wire 
on  the  obstacle  and  running  the  tire  over  it  under  load.  This 
outline  showed  very  conclusively  that  one  tire  would  take  its 
support  from  the  ground,  simply  swallowing  the  obstacle,  while 
the  other  attempted  to  lift  the  load  just  as  a  solid  hard  tire  would 
do,  in  which  case  the  strain  on  the  fabric  concentrated  at  the 
point  of  the  obstacle  must  be  very  great." 

Tests  on  the  Shapes  of  Rims  and  Tires. — In  addition  to 
the  results  attained,  as  above,  Mr.  Duryea  also  made  cards  illus- 
trating the  relative  merits  of  single  and  double  tube  tires  and  of 
rims  of  various  shapes  and  depths.    His  conclusions  were  that : 
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"The  ordinary  round  tire  lying  in  an  arc-shaped  rim,  as  is  the 
common  method,  cannot  utilize  its  side  walls  properly  when 
meeting  an  obstacle,  since  it  is  flattened  toward  the  rim  and 
caused  to  bend  at  the  side  abruptly  at  two  places;  being  bent 
outward  over  the  edge  of  the  rim  and  inward  at  its  widest  point. 
The  outward  bend,  together  with  dirt  which  may  get  between 
tire  and  rim,  tends  to  chafe  the  tire  on  the  edge  of  the  rim,  a 
phenomenon  commonly  known  as  rim  cutting.  The  other  bend 
cannot  stretch  the  outer  layers  of  fabric,  so  it  must  compress 
the  inner  fabric  and  inner  rubber,  which  compression  rapidly 
causes  a  crack,  weakening  the  tire  from  the  inside,  with  the  re- 
sult that  in  a  short  while  the  tire  begins  to  swell  along  the  sides 
and  finally  bursts.    Any  rim,  therefore,  which  will  hold  the  tire 
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Fio.  116.— Dlafn^m  illustrating  the  relative  degree  of  flattening  consequent  on  deflating 
a  double-tube  pneumatic,  mechanically  scH;ured  to  base,  and  a  cemented  single-tube 
pneumatic,  through  one-half  diamet-er  above  edges  of  rim.  Note  the  sharp  corners  of 
the  single  tube. 

at  the  bottom  only,  and  yet  preserve  it  from  rolling  sidewise  on 
the  rim,  is  conducive  to  long  life  of  tire,  for  it  leaves  the  side  walls 
free  from  short  bends  and  increases  the  depth  of  the  tire,  which 
increases  its  beneficial  results  as  well." 


Relative  Efficiencies  of  Tires. — In  order  to  illustrate  his  con- 
tention, Mr.  Duryea  prepared  figures  of  a  mechanically  fastened 
double-tube  tire  and  of  a  single-tube  cemented  tire  with  arc-shaped 
rim,  showing  their  shapes  when  inflated  and  when  deflated  to 
one-half  their  diameter.  His  conclusions  were  that,  since  a 
double-tube  tire  may  be  compressed  further  than  a  single-tube. 
a  small  tire  of  the  former  variety  is  as  efficient  in  smoothing  the 
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road  as  a  larger  one  of  the  latter  variety,  while,  at  the  same  time, 
a  proportionate  deflation  of  the  two  shows  a  further  advantage, 
in  that  the  walls  of  a  double-tube  tire  are  bent  much  shorter  for 
a  given  compression  than  in  the  single  tube,  and  are  forced  against 
the  edges  of  the  rim  with  much  less  compression,  and  that,  fur- 
ther, the  single-tube  tire  does  not  flatten  out  so  widely  in  propor- 
tion to  its  diameter  as  does  the  double  tube,  which  latter  fact  is 
of  importance,  because  added  width  means  added  supporting 
surface,  tending  to  resist  further  compression  as  it  increases.  He, 
therefore,  concludes  that : 

"The  best  automobile  tire  is  the  one  mechanically  fastened  so 
as  to  relieve  the  fabric  from  the  strain  of  holding  the  tire  in  posi- 
tion. Its  fabric  must  be  as  strong  as  possible,  because  of  the 
heavy  service  which  means  a  long  fibre  closely  woven  canvas  of 
the  greatest  possible  strength  and  the  fewest  necessary  thick- 
nesses, which  arrangement  is  less  liable  to  puncture  or  tear  than 
any  thread  fabric  and  is  yet  as  flexible  as  the  necessary  strength 
will  permit.  Being  mechanically  fastened,  the  fabric  need  not 
be  stretched  in  the  direction  of  the  length  of  the  tire  which  in- 
creases the  resilience  and  lessens  the  strain  and  liability  of  rup- 
ture in  passing  over  obstructions." 

As  may  be  readily  understood,  a  further  advantage  gained  by 
using  a  double-tube  tire,  mechanically  fastened  at  the  base,  is  that 
the  sidewise  strains  encountered  in  turning  corners,  are  not  so 
liable  to  cause  rolling  off  the  rim.  In  bicycles  this  danger  is 
largely  averted  by  the  rake,  or  inclination,  taken  by  the  wheels 
in  turning  corners,  which  maintains  the  entire  wheel-structure, 
including  the  tire,  in  one  plane.  But,  in  automobiles  this  rake 
cannot  be  obtained  except  with  the  front  or  steer  wheels,  the 
result  being  that  the  strain  brought  upon  a  tire  in  turning  cor- 
ners at  high  speed  is  enormous.  A  tire,  standing  high  above  the 
rim,  and  rigidly  attached  at  the  base,  is  capable  of  a  very  con- 
siderable sidewise  deformation  without  particularly  great  dan- 
ger of  rupture  or  other  accident.  Howbeit,  if  the  inflation  be  in- 
sufficient, such  side  strains  are  very  liable  to  loosen  the  fasten- 
ings, particularly  when  clamps  are  used. 

Attachments  for  Double-Tube  Tire*.— The  Cx.  &  J.  tire  has 
several  points  of  resemblance  to  the  Michelin  clincher.  The 
outer,  or  casing,  tube  carries  longitudinal  flanges,  intended,  as  is 
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shown,  to  fit  into  the  grooves  on  the  rim.  The  method  of  attach- 
ment is,  briefly,  to  insert  tlie  rtange  on  the  side  carrying  tlie 
rubber  and  fabric  flap  piece,  shown  beneath  the  inner  tube ;  then 
to  set  tlie  inner  tube  in  place,  valve  first;  finally,  to  insert  the 
flange  on  the  side  of  the  outer  tube  still  unattached  beneath  the 
opposite  groove  on  the  rim,  and  beneath  the  flap  piece  already 
mentioned.  The  side  last  attached  is  first  disengaged  in  the  act 
of  removing  the  tire  from  the  rim.  By  inserting  the  flanges  of 
the  outer  tube  in  the  grooves  of  the  rim  a  very  firm  grip  is  ob- 
tained, which  cannot  be  disturbed  without  the  use  of  a  special  tool 


furnished  with  each  set  of  these  tires.  Moreover,  this  secure  at- 
tachment at  the  base  of  the  tube  neutralizes  the  tendency  to  creep, 
which  effect  is  greatly  increased  by  perfect  inflation.  The  secure 
attachment,  obtained  by  the  flanges,  is  augmented  in  the  Miclielin 
tires  by  the  use  of  such  lugs  and  screws  as  are  shown  in  connec- 
tion with  the  type  of  tire  described  above.  The  danger  of  punc- 
ture is  largely  overcome  in  this  tire  by  thickening  and  corrugat- 
ing the  trcail,  hut  should  puncture  ever  occur,  it  is  possible  to 
readily  detach  the  outer  lube  from  the  wheel  rim.  in  order  lo 
apply  the  necessary  cement  and  patches  to  the  inner. 
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The  Dunlop  Double-Tube  Tire.  —  With  the  Dunlop  double- 
tube  carriage  tire  the  process  of  attaching  is  somewhat  similar, 
although  the  flanges  are  here  replaced  by  one  or  several  endless 
wire  rings,  inserted  in  the  fabric  of  the  outer  tube,  and  of  such 
length  as  to  fit  the  rim  tightly  at  the  base  of  the  tubular  retaining 
flanges  or  edges,  as  shown,  when  the  inner  tube  is  inflated.  The 
process  of  attachment  of  the  outer  tube  is,  briefly,  to  insert  the 
wire  edge  of  one  side  of  the  outer  tube  in  the  bottom  of  the  deep 
central  channel  of  the  rim,  which,  as  may  be  readily  understood, 
permits  the  ring  to  be  forced  over  the  tubular  edges  with  very 
slight  effort.  The  inner  tube  is  then  put  into  place,  valve  first, 
after  which  the  other  wire  ring  is  inserted  in  the  bottom  of  the 
central  channel  and  similarly  urged  over  the  edges  of  the  rim.  By 
inflating  the  inner  tube,  the  wire  rings  are  forced  against  the 
bases  of  the  tubular  edges ;  all  tendency  to  roll  or  pull  off  under 
this  outward  stress  being  thus  overcome.  A  very  firm  and  rigid 
attachment  is  also  made  at  the  base,  completely  around  the  rim, 
with  the  result  that  creeping  is  rendered  impossible.  The  tubular 
retaining  edges  obviate  rim-cutting,  as  the  tire  is  forced  against 
them,  under  the  weight  of  the  carriage.  The  layer  of  fabric  at  the 
base  of  the  inner  tube  eliminates  all  tendency  to  pinching  or  wear- 
ing of  the  rubber  against  the  corners  of  the  case  tube,  which  was 
a  constant  source  of  anxiety  in  some  of  the  earlier  patterns  of  this 
tire  made  without  such  protection.  Some  Dunlop  tires,  intended 
for  heavier  service,  have  an  additional,  detachable  tread-piece, 
which  may  be  readily  replaced  by  proper  appliances,  when  worn, 
thus  ensuring  a  much  longer  life  to  the  tire  and  acting  as  an 
additional  precaution  against  puncture. 

The  Qoodyear  Tire. — The  theory  of  producing  firm  attach- 
ment between  tire  and  rim  by  the  use  of  endless  wire  rings,  or 
bands,  is  also  applied  in  the  Goodyear  vehicle  tire,  as  is  shown 
in  an  accompanying  figure.  The  walls  and  tread  of  this  tire  are 
composed  of  the  usual  layers  of  fabric  and  rubber,  which  are  con- 
tinued also  into  the  square  portion  intended  to  fit  the  rim.  At 
either  side  of  the  base,  and  so  disposed  as  to  bear  against  the 
outwardly  flanged  edges  of  the  rim  channel,  arc  ribbons  of  wire 
inserted  in  the  fabric  of  the  tire  wall.  The  wires  of  these*  ribbons 
are  braided  together,  like  the  threads  of  a  cotton  shoe  string  or  a 
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binding  tape,  so  as  to  sliorten  in  length  under  any  impulse  to 
spread  the  strands  apart.  The  braiding,  being  thus  spread  by  the 
inflation  of  the  tire,  contracts  in  length  so  as  to  grip  the  rim  very 
fimily,  and  prevents  all  creeping  or  other  movement  tending  to 
cut  either  the  wire  or  the  fabric.  The  arrangement  permits  the 
use  of  a  shallower  rim  than  is  possible  with  most  other  pneumatic 
tires. 

A  Kon-CollapsiUe  Tire. — The  Munger  single  tube  tire,  as 
shown  in  Fig,  105,  bears  on  its  upper  and  lower  walls  longitudinal 
rubber  buffers,  so  shaped  as  to  fit  together  in  case  the  tire  be- 


rio.  IW,— Wheels  and  ninntnR  Bear  of  »  "track-laylnir"  tractor,  dpsfcnod  to  travel  on 
onliiiuy  roada  with  a  small  ilidouiiI  of  surfaco  A-ictloa  witlioul  thu  usa  at  iinaunlulli; 

comes  deflated  from  any  cause.  In  this  contingency  it  is  not 
necessary  that  the  wheel  should  run  on  its  rim,  to  its  obvious 
destruction,  since  these  bufTers  prevent  complete  collapse  and  to 
a  large  extent  give  the  effect  of  a  solid  tire.  The  tread  buffer  also 
renders  puncture  from  sharp  obstacles  an  exceedingly  remote 
possibihty.  It  further  presents  a  greater  surface  than  does  the 
ordinary  round-faced  tire  for  the  displacement  of  air,  and,  as  a 
result,  can  be  used  with  less  inflation  with  consequently  better 
resiliency  and  power  to  absorb  vibration.  One  disadvantage, 
however,  lies  in  the  lips  ovcrhanji^ng  the  edges  of  the  rims,  which 
would  seem  to  prevent  the  sides  from  bending  as  freely  as  de- 
sirable. 
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Tractive  Devices:  Tradc-Layinfl^  Wfcieels— In  order  to  at- 
tain the  end  of  superior  traction,  otherwise  than  by  the  use  of 
pneumatic  tires,  several  inventors  have  devised  and  patented  road 
locomotives  that  lay  a  track  as  they  advance.  This  is  accom- 
plished by  the  use  of  a  suitably  constructed  chain  belt  passing 
around  the  wheels  of  the  vehicle  and  driving  them  from  a 
sprocket  directly  geared,  or  on  a  countershaft.  One  of  the  best 
designed  of  these  is  shown  in  an  accompanying  figure.  It  would 
undoubtedly  serve  the  ends  of  ready  traction  and  power  economy, 
but  has  never  been  tested  under  high  speed  conditions.  Gen- 
erally speaking,  it  seems  hardly  suitable  for  motor  carriage  pur- 
poses, and  is  mentioned  only  to  show  that  the  necessity  met  by 
pneumatic  tires  has  been  repeatedly  apprehended  by  vehicle  de- 
signers. 

A  Double  Interacting:  Elastic  Wlieel. — Another  device  of 
more  recent  invention  and  even  greater  excellence  of  design  de- 
serves mention  in  this  connection.  It  is,  in  short,  a  wheel  con- 
trived to  combine  the  durability  and  good  tractive  properties  of  a 

i  solid  tire  with  the  resiliency  of  a  pneumatic,  while  quite  eflfectu- 

ally  protecting  the  latter  from  puncture  and  other  wearing 
strains  of  travel.  These  ends  are  achieved  with  a  very  ingenious 
mechanism,  by  which  two  wheels  are  hung  on  one  hub  or  axle 
boss,  as  shown  in  the  accompanying  diagram,  the  outer  one 
being  shod  with  an  ordinary  solid  tire,  the  inner  with  a  pneu- 
matic. Of  course,  in  order  that  the  desired  eflFect  should  be  per- 
fectly achieved,  it  is  necessary  that  there  should  be  some  play 
between  the  two  wheels,  permitting  the  weight  of  the  vehicle  to 

tj  bear  against  the  lowest  point  of  the  pneumatic  tire  on  the  inner 

wheel,  without  involving  distortion  of  any  part  of  the  structure. 
Accordingly,  the  hub  is  constructed  in  sections,  between  which 
considerable  movement  is  possible..  These  sections,  as  con^ruct- 
ed  for  several  types  of  these  wheels,  arc  shown  in  accompanying 

U  sketches,  and  are,  briefly :    A  central  hub  plate — or  spoke  hanger 

p  where  wire  spokes  are  used — which  is  perforated  to  fit  loosely 

k  over  the  axle  boss,  and  has  also  a  slot  cut  on  two  opposite  radii 

\  from  the  nave:  two  other  hut  plates,  or  "half  hubs,"  similarly 

^  perforated  and  interiorlv  slotted,  and  also  arranged  for  attaching 

\  spokes;  two  "intermediate  floating:  jruide  plates."  with  keys  set 

upon  reyers^  sides  at  right  angles  to  each  other,  which  gtiid^ 


i 
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plates,  being  set  between  each  of  the  outer  hub  plates  and  the 
central  hub,  have  their  keys  or  splines  inserted  in  the  grooves 
above  mentioned,  thus  permitting  a  complete  rotative  move- 
ment between  the  central  hub  and  the  outer  hub  plates,  which 
gives  the  desired  play  between  the  former  and  the  two  latter. 


Fxo.  119.— The  Double  Interacting  Wheel,  constructed  for  heavy  carriage  use.  As  may 
be  seen,  it  consists  of  two  distinct  wheels  hunjif  on  one  axle  and  in  the  same  plane. 
The  larger  has  a  solid  rubber  tire  for  the  salce  of  good  traction,  the  smaller  lias  a 
pneumatic  for  the  needed  resilient  effect. 

Construction  of  the  Double  Interacting  Wlieel. — The  central 
hub  supports  the  spokes  of  the  outer,  or  larger,  wheel,  which  is 
shod  with  the  solid  rubber  tire,  and  the  outer  hub  plates  attach 
similarly  from  either  side  to  the  inner,  or  smaller,  wheel,  which 
is  shod  with  the  pneumatic.  Since  the  hub  of  this  inner,  or 
smaller,  wheel  fits  snugly  over  the  axle  boss,  the  outer  one  hav- 
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ing  considerable  play  around  it,  it  follows  that  the  effect  of  the 
load  is  to  bring  the  weight  upon  the  pneumatic  tire,  which  bears 
against  a  circular  channel,  thus  delivering  the  benefit  of  its  re- 
siliency to  nearly  one-half  the  wheel  diameter,  rather  than  to 
only  one  point  at  the  ground.  Thus,  while  a  free  movement  radi- 
ally is  permitted  by  the  interaction  of  the  wheels,  they  are  so 
locked,  by  the  keys  or  splines  on  the  floating  guide  plates  of  the 
hub,  that  they  are  compelled  to  rotate  together.  A  wheel  thus 
constructed  may  be  tested  in  the  manner  above  specified,  and 
will  show  the  effect  of  the  pneumatic  tire's  resiliency,  as  much,  if 
not  more,  than  if  the  tire  were  mounted  on  the  outer  rim  in 


Fra.  130.- Elements  of  the  Compound  Hub  oF  the  Double  Interacting  Wheel.    A  b  tba 

rylng  keya  ur  Bpllnes,  arranged  on  either  hMc,  an  inilicated.    C la  the  ceDlraf  bub 
[Ante,  also  slolteil.  aoil  aiTtuiited  tor  bani;lijg  Bpokes. 

contact  with  the  ground.  At  the  same  time  the  tire  is  perfectly 
protected  from  puncture;  is  not  liable  to  creep,  since  the  strain 
of  the  load,  delivered  at  the  point  of  contact  on  the  outer  rim, 
is  transmitted  through  a  V-shaped  area  to  the  interior  of  the 
wheel,  thus  involving  that  the  pneumatic  tire  be  bound  by  a 
considerable  arc  of  its  outside  containing  channel.  Such  a  con- 
struction and  operation  also  prevent  destruction  of  the  pneu- 
matic from  other  causes,  such  as  wrenching  and  kneading  on 
the  rim,  that  result  in  tearing  and  overheating.  This  means  that 
a  cheaper  pneumatic  tube  may  be  used  than  would  be  possible 
against  the  ground  under  heavy  load. 
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CHAPTER   TEN. 

THE    THEORY,   CONSTRUCTION,   AND  OPERATION   OF  STEAM 

BOILERS. 

Principles  of  tlie  Steam  En^^ine. —  While  it  may  seem  hardly 
necessary  to  treat  of  the  theory  and  construction  of  the  steam 
engine,  even  in  a  book  intended  for  non-technical  readers,  a  brief 
review  of  main  points  ciannot  fail  to  make  clearer  what  is  to  fol- 
low. As  is  well  understood,  the  steam  engine  depends  for  its 
operation  on  the  expansive  power  of  water  vapor  under  the  influ- 
ence of  heat.  When  water  passes  from  the  liquid  into  the  gaseous 
state  its  tendency  to  expand  is  immense,  and  any  attempt  to  resi-st 
or  confine  the  process  is  the  occasion  for  producing  a  force  of  al- 
most unlimited  possibilities.  Thus,  when  water  is  heated  above 
212  degrees  in  a  confined  receptacle,  known  as  a  boiler,  there  is 
generated  a  pressure  sufficient  to  move  machinery.  Being  let  out 
through  valves  operated  by  properly  adjusted  gears,  it  may  be 
controlled  so  that,  by  its  expansive  force,  it  drives  backward  and 
forward  the  piston  sliding  in  a  hollow  cylinder;  thence  by  piston 
rod,  cranks  and  wheels,  imparting  its  energy  for  the  accomplish- 
ment of  work. 

Conditions  of  Steam  Generation There  are  certain  condi- 
tions which  must  be  observed  in  the  construction  of  steam  engine 
boilers,  in  order  to  ensure  the  heating  of  the  entire  volume  of 
water  contained  in  as  short  a  time  as  possible.  These  conditions 
refer  to  the  properties  of  water  as  a  conductor  of  heat.  In  the 
first  place,  in  water  as  in  air,  the  tendency  is  for  the  heated  por- 
tions to  rise;  thus  if  the  heat  is  applied  at  the  top  of  an  enclosed 
body  of  water  the  first  few  inches  may  be  near  the  boiling  point, 
while  the  layers  below  will  be  nearly,  if  not  entirely,  as  cold  as 
before  heat  was  applied.  If,  however,  the  heat  be  applied  at  the 
bottom  of  a  boiler  a  circulation  will  immediately  be  established, 
the  heated  layers  from  below  constantly  tending  to  rise,  and  the 
unheated  above  constantly  tending  to  sink  to  the  bottom.  Some 
shell  boilers — that  is  to  say,  boilers  consisting  of  a  water  space 
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pierced  by  heating  flues — have  specially  arranged  screens  to  con- 
trol the  circulation  of  the  water  under  the  influence  of  heat.  Such 
an  arrangement  is  advantageous  in  separating  the  various  layers 
of  water  and  hastening  the  process  of  steaming  by  preventing 
the  undue  giving-off  of  heat.  Many  water-tube  boilers,  consist- 
ing of  coils  or  trains  of  tubes  containing  water,  accomplish  the 
same  end  by  constructing  the  tubular  system  in  the  general  di- 
rections of  water  circulation  in  relation  to  the  steam  drum,  thus 
securing  rapid  and  evenly  distributed  steam  generatioa 

Power  Capacity  of  Steam  Boilers. —  In  order  to  obtain  good 
results  from  a  steam  engine,  it  is  obvious  that  all  parts  must  be 
in  proportion.  That  is  to  sa^ ,  the  boiler  must  be  capable  of  gen- 
erating sufficient  steam  to  drive  the  cylinders  and  enable  the  ma- 
chinery to  be  moved  accordingly.  Now,  the  power  of  boiler 
and  engine  may  be  calculated  by  simple  rules  of  proportion, 
which,  when  followed  in  the  work  of  construction,  permit  econ- 
omy of  space  and  material.  Of  course,  it  is  obvious  that  a  boiler 
of  large  generating  capacity  will  develop  less  power  with  a  poor 
engine,  one  using  steam  wastefully  or  being  otherwise  faulty, 
than  with  an  engine  of  better  design.  With  the  former  it  might 
be  able  to  develop  only  sixty  horse  power,  with  the  latter  lOO 
horse  power,  but  this  does  not  mean  that  a  boiler  built  for  an 
ultimate  capacity  of  sixty  horse  power  can  drive  to  its  full 
strength  an  engine  of  lOO  horse  power.  It  cannot  generate  suffi- 
cient steam,  nor  with  sufficient  rapidity.  It  follows,  therefore, 
that  there  must  be  a  standard  for  measuring  the  generative  power 
of  a  boiler,  which  is  different  from  that  applied  in  calculating  for 
the  engine.  The  standard  horse  power  at  the  boiler — the  power 
required  to  raise  33,000  pounds  through  one  foot  in  each  minute 
—is,  accordingly,  the  evaporation  of  thirty  pounds  of  water  per 
hour,  fed  to  the  boiler  at  a  temperature  of  100  degrees,  Fahren- 
heit, and  giving  a  pressure  of  seventy  pounds,  as  indicated  by  the 
steam  gauge.  Hence,  it  follows  that  tests  for  boilers  are  based 
upon  their  capacity  for  evaporating  so  many  pounds  of  water  per 
hour,  under  the  conditions  specified. 

But  the  amount  and  rapidity  of  the  evaporation  depends  upon 
the  quantity  of  heat  applied  to  the  water  in  the  boiler  for  each 
cubic  inch  of  its  contents.    Hence  it  is  that  the  power  of  a  boiler 
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to  evaporate  so  many  pounds  of  water  per  hour  at  a  given  pres- 
sure in  the  gauge  may  be  calculated  directly  from  its  heating 
surface  as  compared  to  its  cubic  content.  The  greater  the  heat- 
ing surface,  the  greater  the  capacity  for  generating  given  horse 
power;  and  the  smaller  the  heating  surface,  as  compared  with 
the  contained  volume  of  water,  the  smaller  this  capacity.  In  ac- 
cordance with  this  principle,  boilers  are  constructed  with  tubes 


uid  1!3.— Exterior  and  sectional  elevation  oF  an  upright  ttatlonar;  boHer, 
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or  flues  running  in  their  length  from  head  to  head,  in  order  that 
the  heat  from  the  furnace  may  be  directly  applied  to  as  many 
cubic  inches  of  water  as  possible,  as  the  smoke  and  gases  of 
combustion  pass  through,  under  draught,  on  the  way  to  the 
chimney.  The  number  and  size  of  these  flues,  therefore,  consti- 
tutes the  standard  for  a  boiler's  capacity  in  proportion  to  the 
length  and  diameter  of  its  shell. 
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Rule  for  Computing  Boiler  Capacity.— The  rule  usually  ap- 
plied in  calculating  the  steaming  capacity  of  a  shell  boiler  is  to 
find  the  total  number  of  square  feet  of  heating  surface,  and  divide 
by  fifteen.  This  gives  the  nominal  horse  power  capacity,  since, 
as  has  been  calculated,  a  boiler  can  generate  one  horse  power  in 
steam  on  each  fifteen  square  feet  of  the  heating;  surface.  In  hori- 
zontal stationary  boilers  a  portion  of  the  shell — generally  two- 
thirds — is  counted  as  healing  surface,  being  directly  exposed  to 
the  fire,  but  in  computing  for  most  of  the  boilers  used  on  Ameri- 
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can  steam  automobiles,  the  total  area  outside  of  the  flues  is  so 

insignificant  that  it  need  not  be  included  in  general  calculations 
on  the  boiler  horse  power. 

The  quick  steaming  power,  due  to  increasing  the  heating  sur- 
face in  proportion  to  the  water-content  of  the  boiler,  realized  in 
modem  hollers,  particularly  in  some  of  the  small  ones  used  on 
steam  carriages,  has  brought  the  average  very  nineh  below  fifteen 
square  feet  per  horse  power.  Some  water-tube  boilers  have  one 
horse-power  for  each  five  square  feet. 
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Rapid  Ceneratlcm  of  Steam. — As    we    have    seen,  a  boiler 
adapted  to  the  needs  of  a  steam  road  carriage  must  combine 

lightness,  compactness,  strength  and  power-generating  capacity. 
It  must  also  be  capable  of  rapid  generation.  That  is  to  say,  it 
must  be  so  constructed  that  it  will  have  the  steam  up  within  a 
reasonably  short  time  after  the  fire  is  started.  Were  it  not  possi- 
ble to  do  this  there  would  be  vexatious  delays  at  the  beginning 


tra.  I2S.— Part  se 


and  also  considerable  waste  in  fuel  and  water,  through  the  neces- 
sity of  keeping  the  heater  at  work  during  stops,  long  or  short. 
All  such  faults  would  greatly  embarrass  its  usefulness  in  the 
-hands  of  persons  not  skilled  engineers.  As  a  matter  of  fact, 
however,  the  result  of  rapid  generation  may  be  achieved  in  any 
boiler  combining  a  large  heating  surface  with  compactness  of 
construction,  and  by   observing  these  simple  conditions  most 
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American  steam  automobiles  arc  highly  efficient  in  this  respect. 
Another  result  which  seems  to  follow  in  boilers  constructed  for 
rapid  generation — having  a  large  heating  surlace  in  comparison 
with  its  cubic  water-content — is  that  a  horse  power  may  be  de- 
veloped very  greatly  in  excess  of  that  allowed  by  the  formula 
above  quoted.  This,  as  we  shall  see,  is  particularly  true  of  water 
tube  boilers. 

There  are  several  methods  of  increasing  the  heating  surface  of 
a  boiler,  any  one  of  which  will  prove  efficient  within  certain  lim- 
its-   In  general,  it  seems  a  good  rule  that  the  cubic  capacity  of 
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Fi».  11!S.— Section  of  a  type  of  carriage  boiler,  showing  the  UispiMitloa  of  one  row  of 
IHbrsi,  alxi  Icjcalinn  of  tusiblr  nlUK,  "team  Btparalor  and  baflli-  plulo.    The  bIipH  Is  a 

Fio,  1*7.— Conventeni  form  of  fusible  plug  contalnijd  In  a  screw  bolt  for  iDsertloa  in  crovn- 
Bbcct,  as  In  Fig.  ISC. 

the  water  chamber  may  be  decreased,  in  order  that  the  heating 
surface  may  be  proportionately  increased.  This  result  may  be 
achieved  by  inserting  a  larger  number  of  flues,  as  in  the  boilers 
of  most  American  carriages.  Water-tube  boilers  also  accom- 
plish the  same  result  by  the  excellent  device  of  feeding  water 
into  a  coil  or  a  train  of  pipes  which  are  directly  exposed  to  the 
heater.  Particularly  when  the  pipes  are  joined  to  a  separate 
steam  chamber,  this  type  of  boiler  has  been  foimd  very  efficient 
for  vehicle  work,  and  is  largely  used  on  heavy  steam  wagons. 
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Jlanner  of  Securing  Boiler  Flues.— The  flues  of  boilers  are 
secured  to  the  tube  plates  as  shown  in  the  accompanying  figure. 
Both  plates  are  bored  with  the  required  number  of  holes  of  a 
size  suited  to  fit  the  flues  exactly.  The  flues,  when  inserted  in 
the  holes,  are  expanded  by  the  use  of  a  mandrel,  and  the  protrud- 
ing ends  are  then  flanged  over  upon  the  plates.  In  locomotive 
boilers  and  in  some  others  of  large  power  extra  security  is  at- 
tained by  driving  a  slightly  tapering  ferrule  into  the  tube  at  the 
outer  end,  leaving  a  small  portion  protruding,  so  that,  should  a 
leak  be  sprung  at  the  end,  the  joint  may  be  tightened  by  driving 
it  home.  Such  ferrules  are  usually  omitted  in  the  construction 
of  automobile  boilers,  the  moderate  pressure  at  which  they  are 
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worked  being  scarcely  sufficient  to  break  a  well-made  joint  of 
the  kind  described.  Moreover,  as  the  co-efficient  of  expansion 
for  copper,  of  which  the  flues  of  small  boilers  are  usually  made, 
is  greater  than  that  for  steel  or  iron,  which  composes  the  rest  of 
the  boiler,  the  flues  expand  first,  thus  adding  another  element 
of  security  to  the  joint. 

Also,  since,  at  very  high  temperatures,  copper  begins  to  ex- 
pand less  rapidly  than  iron  or  .steel,  the  result  is  likely  to  be  a 
leak  at  the  flue  joints,  which  prevents  more  disastrous  conse- 
quences. Any  serious  leaks  from  this  cause  may  be  readily  re- 
paired by  a  tube  expander,  when  the  boiler  is  cooled.  Thus 
copper  flues  furnish  a  factor  of  safety. 
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Shell  and  Water  Tube  Boilers — Both  varieties  of  boiler  are 
used  in  automobile  construction,  although  in  most  of  the  best 
known  makes  of  American  steam  carriage  the  small  shell  with  a 
large  number  of  flues  seems  to  be  the  favorite.  Numerous  engi- 
neering authorities,  however,  claim  that  the  water  tube  variety 
is  better  adapted  to  light  road  carriages,  intended  for  the  use  of 

amateur  engine  drivers,  from  the  fact  that,  as  they  are  less  liable 
to  explode  with  disastrous  consequences,  there  is  no  temptation 
to  allow  the  water  level  to  rise  unduly  and  thus  cause  "priming,'* 
or  the  delivery  of  hot  water  into  the  cylinders.  With  the  best 
shell  boilers  there  is  danger  of  explosion  if  the  water  is  allowed 
to  sink  below  a  certain  level,  or  incrustations  on  the  base  plate 
decrease  the  conducting  properties  of  the  metal.  Either  condi- 
tion is  liable  to  cause  overheating.    Thus  fuse  plugs  are  inserted 


Fio.  180.— The  Dudgeon  Boiler  Flue  Expander,  as  used  for  making  expanded  Joints  on  the 

llueH  of  large  boilers. 


Fio.  131.— An  Expander  for  the  tubes  of  carriage  boilers.    By  the  use  of  this  tool  damage 

to  the  boiler  may  be  readily  repaired. 

at  some  convenient  place,  so  as  to  melt  when  the  metal  of  the 
shell  becomes  unusually  heated  and  allow  the  remnant  of  water 
to  extinguish  the  fire.  Such  fusible  plugs  are  usually  made  of 
same  alloy  of  tin  and  bismuth,  and  melt  at  various  temperatures 
up  to  400  degrees,  Fahrenheit. 

The  Blow -Off  Cock. — This  is  an  important  attachment  of  all 
boilers,  furnishing  a  ready  means  of  removing  the  water  from  the 
boiler  under  pressure  of  its  own  steam,  which  is  called  "blowing- 
ofT."  It  is  also  used  in  some  carriages  for  attaching  a  hose  to 
fill  the  boiler  at  starting,  or  for  injecting  water  for  cleaning  the 
interior.  It  is  usually  closed  with  a  box  nut  for  receiving  a 
wrench,  but  sometimes  by  a  cock,  as  in  large  boilers. 


CHAPTER   ELEVEN. 

THE  TESTING  AND   REGULATING  ATTACHMENTS  OF  STEAM 

BOILERS. 

Boiler  Attachments :  Try-Cocks  and  Water  Glass. — In  op- 
erating a  boiler  of  any  design  it  is  essential  both  for  safety  and 
efficiency  that  the  engineer  should  be  kept  constantly  informed 
on  the  level  of  the  water  and  the  pressure  of  the  steam.  For 
this  reason  boilers  are  fitted  with  try-cocks,  water  glass  and 
steam  gauge,  all  of  which  are  depicted  in  accompanying  figures. 
There  are  usually  three  tiy-cocks,  as  shown,  the  upper  one  in- 
tended for  steam,  the  second  at  the  working  level  of  the  water, 
and  the  third  at  a  fixed  point  above  the  fire  line.  In  conditions 
of  uncertainty  in  the  action  of  the  water  glass  the  engineer  may 
find  out  whether  the  water  level  is  too  low  by  opening  the  lower 
cock,  or  may  find  if  it  is  too  high  by  opening  the  two  upper  ones. 
In  making  test  it  is  necessary  to  leave  the  cock  open  sufficiently 
long  to  discover  whether  all  steam,  all  water,  or  a  mixture  of  both 
is  escaping.  In  large  boilers  it  is  desirable  thus  to  open  the  try- 
cocks  several  times  a  day. 

The  water  glass,  or  water  column,  furnishes  a  ready  means  for 
determining  the  exact  height  of  the  water  in  the  boiler.  It  con- 
sists of  two  cocks  opening  into  collars  arranged  to  be  connected 
by  a  length  of  glass  tubing,  as  shown  in  the  figure.  By  opening 
these  cocks  the  height  of  the  water  may  be  seen  in  the  glass  tube. 
Since  it  is  such  an  important  consideration  in  boiler  operation 
that  the  water  level  should  be  constantly  watched,  it  is  necessary 
that  the  water  column  should  be  placed  where  the  engineer  may 
constantly  observe  it.  Thus  it  is  that,  in  steam  carriages  it  is 
disposed  in  the  side  of  the  body  beneath  the  seat,  its  condition 
being  readily  observable  by  the  driver  by  reflection  in  a  small 
mirror  set  to  one  side  of  the  dashboard.  Lamps  are  also  ar- 
ranged behind  it,  so  that  the  level  of  the  water  may  be  observed 
at  night. 

The  water  glass  also  gives  information  on  the  condition  of  the 
water  within  the  boiler,  as  when  oil  or  scum  has  collected  on  the 
surface,  causing  foaming.    Then  the  uneven  fluctuations  in  the 
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water  level  indicate  the  condition  beyond  doubt.  When  this  con- 
dition is  noted  it  is  time  to  blow  off  the  boiler,  or,  at  least,  to  ob- 
serve carefully  its  operation. 

Troubles  with  the  Water  Olaas.— Troubles  with  the  water 
glass  that  must  be  constantly  guarded  against  are  stoppage  by 
sediment  and  the  breaking  of  the  glass  tube.    The  former  diffi- 
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culty  may  generally  be  remedied  by  closing  the  lower  cock  and 
allowing  the  steam  from  the  upper  one  to  blow  through  the 
drain  cock  shown  at  the  bottom.  In  case  the  glass  tube  be 
broken  it  is  necessary  only  to  close  both  cocks,  and  insert  a  new 
tube  in  the  collars,  having  first  removed  the  nuts  and  packings  at 
top  and  bottom.  In  order  to  obviate,  as  far  as  possible,  breakage 
of  the  glass  it  is  necessary  to  avoid  too  sudden  changes  of  tern- 
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perature  in  the  column,  when  first  opening  the  cocks,  after  get- 
ting up  steam. 

Most  of  the  water  glasses  used  on  steam  carriage  boilers  have 
self-closing  valves,  which  operate  to  prevent  the  escape  of  steam 
in  case  the  glass  is  broken.  In  the  use  of  these  valves  particular 
care  is  needed,  since  they  are  very  liable  to  be  clogged  with  sedi- 
ment or  incrustation,  causing  false  indications  of  the  water  level 
and  enabhng  the  boiler  to  be  burned  out  before  the  driver  knows 
that  anything  is  wrong.  Several  carriage  owners,  in  the  writer's 
experience,  have  had  these  valves  removed,  and  contented  them- 
selves with  closing  the  cocks  every  time  the  glass  is  broken.  This 


Fio.  184. 
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Fio.  184.— ^ Water  column,  try-cocks  and  water  glass  of  the  "  Locomobile  "  Carriage.  The 
water  column  is  connected  to  the  boiler  at  top  and  bottom,  as  shown.  The  continua- 
tion of  the  lower  pipe  to  the  right  leads  to  the  steam  gauge. 

Fio.  185.— Type  of  check  valve  for  a  water  glass.  As  may  be  seen,  the  cone-shaped  valve 
remains  m  the  position  shown,  so  long  as  the  pressure  is  the  same  at  both  sides. 
When  the  water  glass  is  broken,  the  steam,  coming  through  the  pipe  at  the  left, 
causes  the  valve  to  rise  into  its  seat,  thus  closing  the  opening. 

may  be  a  rather  exceptional  experience,  but  it  is  extremely  de- 
sirable, if  not  imperative,  to  verify  the  water  glass  reading  by  the 
try-cocks  before  starting  the  carriage. 

The  water  glass  is  an  important  piece  of  mechanism,  and  can- 
not be  too  closely  observed  and  cared  for.  Skilled  engine  drivers 
take  its  record  constantly,  and  so  very  important  is  it  that  no 
error  regarding  the  water  level  should  be  made  that  some  in- 
ventors have  proposed  using  colored  floats  to  attract  the  driver's 
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eye,  and  enable  readier  reading  of  tlie  record.  A  supply  of  glass 
tubes  should  always  be  kept  on  hand  in  a  steam  carriage  so  that 
breakage  may  be  immediately  repaired.  Also,  every  possible 
precaution  should  be  adopted  to  prevent  the  accumulation  of 
sediment  that  might  obstruct  the  free  passage  of  the  water  into 
the  glass.  It  is  well  to  clear  the  tube  by  flushing  with  steam  at 
frequent  periods. 

Low  Water  Alarm  Devices — In  order  to  provide  against  the 
neglect  and  mismanagement  frequently  to  be  encountered  in  driv- 


ing stcatn  carriages,  the  water  glass  has  been  supplemented  by  a 
further  form  of  attachment,  known  as  a  low  water  alarm.  There 
dre  several  good  varieties  of  this  contrivance  on  the  market,  all 
of  which  are  constructed  so  that  when  the  water  from  the  boiler, 
admitted  by  cocks  and  tubes  to  the  body  of  the  instrument,  has 
fallen  below  the  desired  level  a  valve  will  be  opened  and  steam 
admitted  to  a  whistle.  The  sound  of  the  whistle  warns  the  driver 
that  the  boiler  feed  is  in  some  way  out  of  order. 

The  "Reliance"  low  water  alarm,  shown  in  section  in  an  ac- 
companying cut,  consists  of  a  cylindrical  steel  chamber,  in  which 
a  hollow  metal  spheroid  depends  from  the  end  of  a  lever.  The 
fulcrum  of  this  lever  is  at  the  opposite  end,  and  immediately 
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above  it  is  a  lug  which  operates  a  needle  valve,  as  shown.  So 
long  as  the  water  in  the  boiler  and  the  gauge  column  is  at  the 
proper  height  the  ball,  or  spheroid,  floats,  thus  holding  the  lever 
up,  and  keeping  the  needle  valve  closed.  When  the  water  level 
falls,  the  float  falls  with  it,  depressing  the  lever  and  opening  the 
valve,  with  the  result  that  steam  is  admitted  to  the  whistle.  Such 
a  device  is  perfectly  reliable,  unless  the  float  be  broken  or  punc- 
tured, as  seldom  happens,  since  both  it  and  the  cylinder  contain- 
ing it  are  constructed  to  withstand  higher  pressures  than  are  or- 
dinarily used  in  the  boilers  of  steam  carriages. 

The  Kitts  low  water  alarni  is  of  somewhat  different  construc- 
tion ;  using  a  solid  weight  of  phosphor  bronze,  to  which  are  at- 
tached compound  levers  to  open  the  whistle  valve,  when  the 
water  level  falls  too  far.  The  theory  is  that  the  solid  weight  is 
lighter  in  water  than  in  air,  and  that  so  long  as  the  water  stands 
at  the  required  height  around  it,  the  up-buoying  effort  will  suffice 
to  keep  the  whistle  valve  closed.  So  soon,  however,  as  the  water 
level  has  sunk  unduly  the  weight  will  drop  with  it,  thus  causing 
the  levers  to  operate  to  the  extent  of  opening  the  valve  to  admit 
steam  to  the  alarm  whistle.  The  efficiency  of  the  large  weight 
in  keeping  the  valve  normally  closed  is  furthered  by  another 
smaller  weight  on  the  second  lever,  as  shown,  bearing  direct  on 
the  valve.  The  advantage  of  this  construction,  which  is  eminently 
practical,  is  that  the  troubles  often  encountered  with  hollow  floats, 
and,  perhaps,  feared  oftener  than  encountered,  are  entirely  es- 
caped. 

The  Steam  Qauge. — Not  only  as  a  factor  of  safety,  but  also 
as  a  means  of  determining  the  power  output,  a  steam  gauge  is 
attached  to  all  well-appointed  boilers.  This  is  a  device  which 
indicates  on  a  dial  the  degree  of  pressure  generated  by  evapora- 
tion of  water  within  the  boiler.  The  steam  gauges  in  common 
use  are  the  same  in  outward  appearance,  although  all  are  con- 
structed with  one  of  the  two  varieties  of  internal  mechanism, 
geared  to  move  the  hand  under  steam  pressure.  In  the  first 
variety  the  steam  bears  upon  a  diaphragm,  regulated  to  yield  in 
proportion  to  the  pressure  exerted,  and  actuate  the  dial  mechan- 
ism accordingly.  The  second  variety  of  steam  gauge  operates 
through  the  tendency  of  a  flattened  and  bent  metal  tube  to 
straighten  out  under  pressure  of  the  steam  or  gas  within  it. 
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Such  a  gauge  is  shown  in  an  accompanying  figure,  which  shows 
a  tube,  flattened  to  an  ellipsoidal  cross  section,  connected  by  one 
end  to  a  steam  pipe  leading  direct  from  the  boiler.  When  the 
cock  is  opened,  steam  is  admitted  to  the  tube,  its  pressure  tend- 
ing to  change  the  flat  section  to  one  more  nearly  round,  and 
in  the  process  causing  the  tube  to  tend  toward  uncoiling  itself. 
This  tendency  toward  uncoiling  is  in  the  direction  of  a  straight 
line  conformation,  and  hence  the  other  end  of  the  tube,  at- 
tached, as  shown,  to  a  link  which  connects  it  to  a  lever  bearing 
a  toothed  segment,  tends  to  move  to  the  left  (as  in  the  cut), 


Pigs.  188  and  139.— Interior  view  and  dial  face  of  one  typo  of  steam  «uige.  The  steam  is 
admitted  tlirougfa  the  cock  at  the  bottom  of  the  dial  box  into  a  flattened  and  <mrved 
tube,  which  it  causes  to  straighten  slightly  by  its  pressure,  thus  operating  the  sector 
and  the  hand  on  the  dial  plate. 

causing  the  link  to  move  the  lever.  As  the  lever  is  dragged  by 
the  link,  the  toothed  segment  actuates  a  pinion  carrying  the 
hand  of  the  dial  on  its  spindle,  thus  indicating  the  pressure,  at 
work  against  the  flattened  walls  of  the  tube,  on  the  dial  of  the 
gauge,  which  is  shown  in  the  front  view. 

Most  gauges  working  on  the  diaphragm  theory  also  have  the 
hand  of  the  dial  operated  by  a  toothed  sector,  link  and  lever, 
the  latter  bearing  on  the  centre  of  a  corrugated  diaphragm,  A, 
as  shown  in  the  figure.  The  corrugations  of  the  diaphragm, 
furnishing  a  distortable  surface,  in  the  same  fashion  as  the  flat- 
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tened  walls  of  the  bent  tube,  move  in  obedience  to  the  pressure 
of  the  steam,  as  could  not  be  the  case,  were  the  diaphragms  left 
flat.  However,  the  degree  of  corrugation,  the  diameter  of  the 
diaphragm,  and  the  rigidity  of  the  fastening  around  its  edges 
all  serve  to  render  the  amount  of  distortion  and  consequent  ele- 
vation of  the  centre  of  the  disc  dependent  upon  the  number  of 
pounds  pressure  brought  to  bear.  Thus  the  lever,  bearing  upon 
the  upper  centre  of  the  diaphragm,  where  the  greatest  move- 
ment must  be,  is  raised  or  lowered  as  the  pressure  fluctuates, 
actuating  the  link  and  toothed  segment,  and  causing  the  hand  to 
indicate  the  pounds  pressure  of  steam  on  the  dial. 


Fio.  140.— A  Weight  and  Lever  Safety  Valve  for  a  large  stationary  boiler,  shown  In 

soction. 


Cause  and  Dans:er  of  Excessive  Pressures. — Since  every 
boiler  is  calculated  to  supply  steam  to  its  engine  at  a  certain 
maximum  working  pressure — with  light  steam  carriage  boilers 
the  usual  working  pressure  is  between  150  and  180  pounds — 
the  driver  can  readily  find  from  his  gauge  whether  or  not  full 
power  is  being  generated.  Exceptionally  high  pressures  under 
working  conditions  indicate  a  danger  point,  and  in  small  boilers 
they  are  very  often  due  to  a  low  water  level,  which,  unless 
remedied,  will  result  in  burning  out.  A  carriage  boiler  holding 
a  proper  supply  of  water  cannot  derive  sufficient  heat  to  gener- 
ate pressures  above  a  certain  fixed  point,  because,  as  will  be  ex- 
plained presently,  the  fire  is  automatically  regulated.  If,  how- 
ever, the  water  has  become  exhausted,  even  though  an  excessive 
pressure  acts  to  shut  oflf  most  of  the  fuel  supply,  the  metal  of  the 
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boiler  will  become  sufficiently  heated  to  collapse  the  tubes.  The 
enormous  heat-absorbing  property  of  water  neutralizes  the  ten- 
dency to  over-heating  of  shell  and  tubes  under  usual  conditions. 
It  is  the  "dry  heat"  that  must  be  guarded  against  in  boilers. 

So  far  as  the  test  resistance  of  small  boilers  is  concerned  they 
should  be  able  to  endure  pressures  far  beyond  the  "blow-off 
point"  of  the  safety  valve.  Several  American  carriage  boilers  are 
advertised  to  have  been  tested  at  a  "cold  water  pressure"  of  i,ooo 
pounds  and  over  to  the  square  inch.    This  test  is  made  by  inject- 


f  loa.  141-14111.— Dial  sud  InUrkir  View  of  the  "American  "  Duplex  Combined  Steam  koA 
tlIeinMf"'h  m""*  for  U»o  on  Btuttin  CarriagBS.  Tlic  ifial  lias  two  hands;  one  of 
ume  manner  u  tlie  two  liatids  of  a.  cluck  iiro  hung.  Ah  may  bo  readily  understood. 
the  two  liondswork  m  o|jpo»ilH  dircutions,  one  lAlockwiae,  tiie  other  counter-clock- 
wise, from  zero  to  nmilinum  on  Llielr  reaijeclive  walea.  The  seitlonal  view  shows 
thameolianism  by  which  Ihu  result  is  acconipLlshod:  two  sepwate  InleU.  Cor  steam 
and  air  rwMctlTuly;  two  dlsllnet  flatteiictl  and  cuncd  «eel  Tubes,  each  alUtched  at 
lU  end  by  a  link  to  a  lever  and  toothed  sector  working  on  the  toothed  pinion  concen- 
irio  with  tile  pivot  or  one  or  tlio  haadB.  The  two  flattened  tub^  of  courae,  bai^  dif- 
ferent tensile  ratios,  enusinit  them  to  t«nd  to  stralehlen  at  different  pressurcn. 
Hence  the  steam  hand  records  a  maximum  pressure  of  aw  pounds,  while  the  air  hand 
rec-ords  a  maximum  preaauro  ot  100  pounds.  DupU-x  eauses  of  precisely  the  same 
coOHtniction  are  used  on  the  air-brake  systems  of  many  rallrtniT  locomotives-one 
band  recording  the  pre«uro  in  the  air  reservoir,  tho  other  in  the  Irsln  pipe.  Tho 
duplex  Bpnng  ueed  In  this  make  of  jtautro  is  so  woU  conKiructcd  and  so  sonaitlve  that 
it  enables  the  maiiufBctun.'  of  the  smallest  size  of  nauiros  on  the  market.  A  duplex 
sauge  of  this  d«.criplion  is  shown  in  [.la.:e  on  u  steam  t-an-laKc  In  Fig.  »I7. 

ing  water  under  such  a  pressure  mechanically  exerted  or  by  fill- 
ing it  from  vertical  tubes  of  considerable  height.  Such  a  test, 
however,  in  the  absence  of  heat,  indicates  only  the  tensile 
strength  of.the  metal.  For  obvious  physical  reasons,  this  is  quite 
a  different  thing  from  the  conditions  brought  about  by  the  action 
of  the  heat. 
One  case,  however,  recorded  in  several  motor  carriage  papers, 
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might  be  cited  in  favor  of  almost  as  great  endurance  under  work- 
ing conditions.  As  is  related,  a  certain  Frenchman,  owning  an 
American  steam  carriage,  determined  to  discover  the  endurance 
of  his  boiler.  So,  having  disconnected  the  burner  regulator  and 
fastened  down  the  safety  valve,  he  allowed  steam  to  generate 
under  full  heat.  Watching  the  steam  gauge  from  a  safe  distance 
through  a  spy  glass,  he  allowed  the  pressure  to  rise  several 
hundred  pounds  above  normal,  and  having  found  that  no  explo- 
sion occurred,  concluded  that  his  life  and  limbs  were  safe.  He 
rode  home  in  the  carriage. 


Via.vei. 

i'la,  l«S. 

Fw.  1«.— Form  of  Bprlngiafety  Tail 
tbIvw:  B,  a  criMB  ple<»  bearint;  o> 
to  r«Kulate  tenaioD  ut  Hpring. 

Fi8,  148. -Section  of  ona  i}'|>e  at  "i 

e  u»d  on  eome  lt«omoti™  boiler*.    AA  are  two 

Iboth;  1>,  a  spiral  apring  Oied  al  C;  E,  asetatrow 

Safety  Valvu;  Construction,  Theory  and  Operation. — The 

design  of  the  argument  up  to  this  point  is  to  satisfy  the  reader 
that  explosion  in  a  steel-shell,  copper-flued  carriage  boiler  is  very 
nearly  impossible,  and,  further,  that  moderate  care  and  watch- 
fulness can  prevent  the  burning  out  or  collapse  of  the  flues.  The 
unskilled  engine-driver  is  amply  protected,  if  he  only  exercises 
reasonable  prudence  by  the  automatic  burner  regulator,  the 
automatic  low  water  alarm,  the  water  glass  and  steam  gauge  in 
plain  sight,  and  lastly  by  a  safety  valve  adjusted  to  blow  ofif  at 
the  proper  pressure. 

A  safety  valve  is  simply  a  valve  of  ordinary  description,  ar- 


164  SELF'PKOPELLED    VEHICLES. 

ranged  to  close  a  steam  pipe  outlet,  under  pressure  of  a  weight 
or  spring.  The  form  most  commonly  used  with  stationary  boil- 
ers is  the  long  lever  variety,  shown  in  an  accompanying  figure. 
It  consists  of  a  mushroom  valve  of  ordinary  pattern  set  over  an 
orifice  leading  from  the  boiler,  so  as  to  be  lifted  when  sufficient 
pressure  of  steam  bears  against  it.  Over  the  centre  of  this  valve 
disc  at  the  point,  C,  is  a  lever,  one  end  of  which  is  pivoted  at 
its  fulcrum,  A,  the  other  end,  B,  bearing  the  weight,  W.  The 
blow-off  pressure,  or  the  point  at  which  the  valve  opens  and  al- 
lows the  steam  to  escape,  may  be  regulated  by  the  position  of  the 
weight,  W.  According  to  the  law  governing  levers  of  this  par- 
ticular variety  the  blow-oflf  pressure  is  least  when  the  weight  is  at 
the  extreme  end  of  the  lever,  as  shown  in  the  cut,  and  greatest 
when  slid  to  the  opposite  end  toward  the  yoke  set  to  steady  the 
lever  arm. 

The  rule  for  determining  the  blow-oflF  pressure  with  such  a 
safety  valve  is  to  multiply  the  length  of  the  lever,  from  A  to  B, 
by  the  weight  of  the  ball,  W ;  to  divide  this  product  by  the  length 
of  the  fulcrum,  from  A  to  C:  to  add  to  this  quotient  the  total 
weight  of  valve  and  lever;  and  to  divide  the  sum,  thus  found, 
by  the  area  of  the  valve.  If,  then,  in  a  given  stationary  boiler,  the 
length  of  the  lever  is  45  inches;  the  weight  of  the  ball,  100 
pounds ;  the  length  of  the  fulcrum,  5  inches ;  the  weight  of  valve 
and  lever,  60  pounds ;  and  the  area  of  the  valve,  8  square  inches, 
we  have  in  accordance  with  the  above  rule : 

45   X   100  =  4500,  4500  -f-  5   =   900. 
900  +  60  =  960.     960  -T-  8  =  120. 

which  expresses  in  pounds  the  steam  pressure  at  which  the  valve 
will  blow  off. 

Such  a  form  of  weight  and  lever  valve  is  not  suitable  for  loco- 
motives or  steam  carriages,  from  the  fact  that  the  constant  vibra- 
tion of  travel  will  inevitably  unseat  the  valve  and  allow  the  steam 
to  escape  before  the  desired  pressure  is  generated.  Consequently, 
several  varieties  of  spring  and  direct  weight  valves  have 
been  devised  for  use  on  locomotives.  In  these  valves  the 
desired  pressure  is  determined  by  adjusting  the  tension  of 
the  springs,  which  are  of  such  strength  and  rigidity  as 
not  to  yield  to  any  pressure  below  that  required.  This  is  the 
principle  applied  in  the  common  forms  of  spring  scales,  used  by 
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butchers  and  other  merchants,  and  is  efficient  in  both  applica- 
tions, from  the  fact  that  a  compressile  or  extensile  spring  ac- 
quires greater  rigidity  under  mechanical  strain  or  pressure,  then 
requiring  greater  stress  to  cause  it  to  yield  as  desired.  In  cal- 
culating such  valves,  the  area  of  the  opening  and  the  strength 
and  tension  of  the  spring  are  the  important  considerations.  Thus, 
as  given  by  several  authorities,  the  rule  for  calculating  a  valve  of 
this  description  is  to  "multiply  the  area  of  the  opening  in  square 
inches  by  the  greatest  steam  pressure  in  pounds  per  square  inch 
that  the  boiler  is  intended  to  bear."  Thus,  if  a  valve  have  an 
opening  of  two  inches  diameter,  which  means  an  area  of  3.14 
square  inches,  and  the  boiler  is  intended  to  blow  oflF  at  250  pounds 
pressure  per  square  inch,  we  have:  250  X  3.14  =  785,  as  the 
expression  for  the  number  of  pounds  pressure  that  must  be 
brought  to  bear  upon  the  valve  spring.  If,  however,  the  open- 
ing is  \  inch  diameter,  as  in  some  carriage  boiler  valves,  and 
the  blow-oflf  pressure  be  250  pounds,  as  many  state,  we  have: 
250  X  .19635  =  49.09,  as  the  necessary  pressure  on  the  spring. 
With  an  area  of  opening  of  .994,  which  is  approximately  one 
square  inch,  and  represents  a  diameter  of  i  J  inch,  we  have,  by 
the  same  process  248.5  pounds,  as  the  indicated  required  pres- 
sure on  the  spring. 

The  safety  valves  used  on  steam  carriages  are  constructed  on 
the  same  general  principles  as  any  of  the  spring  valves  used  on 
locomotives,  or  other  boilers.  They  are  usually  known  as  "pop" 
valves,  from  the  fact  that  the  steam  in  lifting  the  valve  from  its 
seat  usually  makes  a  "pop"  or  sudden  detonation.  As  a  usual 
thing  carriage  valves  are  adjusted  to  a  fixed  pressure,  which  is 
never  disturbed. 

As  will  be  seen  later,  several  steam  carriages  and  wagons  have 
safety  valves  which  combine  the  functions  of  automatic  by-pass 
controllers;  not  only  operating  at  a  stated  pressure  but  also 
opening  the  by-pass  valve  and  allowing  the  water  from  the  pump 
to  return  to  the  tank.  Such  devices  are  used  with  the  Serpollet 
and  White  flash  generator  systems. 


CHAPTER   TWELVE. 

SMALL  SHELL  AND   FLUE  BOILERS   FOR  STEAM   CARRIAGES. 

Small  Shell  Boilers  for  Carria|:es.— Many  of  the  best  known 
makes  of  American  steam  carriage  have  vertical  fire-tube  shell 
boilers,  usually  placed  beneath  the  seat.  All  such  boilers  are  of 
small  dimensions,  frequently  little  over  one  foot  in  either  diam- 
eter or  height,  with  a  consequently  small  water  capacity.  But 
they  have  a  very  extensive  heating  surface,  owing  to  the  inser- 
tion of  a  large  number  of  fire  flues,  and,  according  to  many  show- 
ings, seem  capable  of  generating  a  power  pressure  far  in  excess 
of  the  usual  rule  of  proportions  for  surface.  The  shells  of  such 
small  boilers  are  usually  of  steel,  sheet-riveted  or  cold  drawn 
piping,  with  a  thickness  ranging  between  three-sixteenths  inch 
(as  given  for  the  Marlboro  and  Victor  steam  carriages)  and  five- 
sixteenths  inch  (as  given  for  the  Foster  steam  wagon).  Such 
boilers  admit  a  working  pressure  of  between  150  and  180  pounds 
to  the  square  inch,  with  blow-oflF  pressure  between  225  and  320 
pounds,  several  of  them  claiming  to  have  withstood  tests  of  more 
than  three  times  their  blow-off  pressure.  The  flues  of  such  small 
boilers,  which  are  generally  of  copper,  about  one-half  inch  in 
diameter  and  16  B.  W.  G.,  or  .065  inch  thick,  are  expanded  into 
the  tube  plates  at  either  end,  the  joints  being  secured  as  strongly 
as  possible. 

Heating  Surface  of  Small  Boilers. — The  immense  heating 
surface  afforded  by  using  a  large  number  of  such  flues  in  a  boiler 
of  moderate  dimensions  may  be  illustrated  by  the  following 
figures : 

In  the  ordinary  two  and  four-seat  carriages  made  by  the  Lo- 
comobile Company  of  America  a  boiler  is  used  whose  dimensions 
are  14  x  14  inches,  with  298  half-inch  copper  tubes. 

Computing  for  the  area  of  a  circle  of  i4-inch  diameter  we 
find  it  to  represent  153.94  square  inches,  which  gives  307.88 
square  "inches  as  the  surface  of  both  tube  plates. 

Computing  for  the  cylindrical  surface  of  the  shell,  we  find  the 
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circumference  to  be  the  product  of  14  (diameter)  and  3.14159 
(ratio  between  circumference  and  diameter  of  a  circle),  giving 
43.9822  inches  as  the  circumferential  measure,  which,  multiplied 
by  14  (length  of  shell),  gives  615.7506  square  inches,  or  a  total 
surface  for  the  boiler  shell  of  923.63  square  inches,  or  6.39  square 
feet. 

With  the  flue-tubes  we  may  calculate  in  similar  fashion.  Thus 
the  inside  diameter  of  each  tube  is  approximately  one-half  inch, 
exactly  .437  inch.  To  find  the  inside  circumference,  we  multiply 
■437  by  3.14159,  which  gives  us.  in  full,  1.37287483.  Multiplying 
this  by  14,  to  find  the  area  of  each  tube,  we  have  19.22024762 


5\S°r'- 


Bhol]  ud  Fluo  Boiler,  vlth  flan^  connwtlona  ror  th<  tube  plUes,  u 


™,..,j..    Thta  outylveea  newtionon  the  cenlre,  sliowlng  one  roiro(  fluea. 

square  inches,  which  multiplied  by  298  (total  number  of  tubes) 
gives  us  5728.633  square  inches,  or  39.782  square  feet,  as  the 
heating  surface  represented  by  the  flues,  over  six  and  one-half 
times  the  total  outside  surface  of  the  boiler  shell.  If  to  this  figure 
we  add  307.88  square  inches,  or  2.13  square  feet,  the  surface  area 
of  the  two  tube  plates,  we  have  4 1 .91  square  feet,  as  the  total  heat- 
ing surface  of  the  boiler. 

According  to  the  rule  given  above,  a  boiler  ofsuch  dimensions 
should  be  able  to  drive  an  engine  of  about  three-horse  power. 
But  it  has  been  claimed  that  this  make  of  boiler  has  developed 
over  tour-horse  power,  which  fact  is  probably  due  to  rapid  steam 
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generation  under  fire  Irom  a  powerful  burner,  and  also  the  effi- 
ciency of  the  engine  used.  Similarly  excellent  results  have  been 
aciticvcd  with  other  makes  of  fire  flue  vehicle  boilers,  a  fact  which 
.■in]ily  justifies  the  course  followed  by  most  American  carriage 
l.:iil<Icrs,  of  adopting  a  steam  generator  of  familiar  pattern  and  in- 
oci^sing  its  efficiency  along  concurrent  lines,  instead  of  spending 
lime  and  energy  in  the  effort  to  produce  an  instrument,  which 
should  embody  the  requirements  of  perfection. 


Fin.  14S. -Small  CiuTli£e  Boiler  miuli?  from  a  gpnoilcHi  nteel  prenlng,  the  lower  tube 
plale  bclnij  flanire<)  over  anil  rlvpttvl  In,  bk  indicated  at  the  base  of  the  flgure,  thkg 

The  Flues  of  Small  Boiler*.— Several  carriage  builders  still 
cling  to  the  practice  of  using  steel  tubes  in  their  boilers,  thinking 
by  this  means  to  supply  an  additional  assurance  against  explo- 
sion. The  custom  is  growing,  however,  of  using  cold  drawn  cop- 
per tubes  for  this  purpose,  and  experience  seems  to  warrant  the 
statement  that  boilers  containing  them  are  quite  as  durable  as 
those  constructed  of  steel  throughout.  Copper  is  superior  to  steel 
in  boiler  construction  from  the  fact  that  it  has  a  much  higher 
tliermal  conductivity,  involving  considerably  smaller  loss  of  heat 
in  proportion  to  its  exposed  surface;  also  from  the  fact  that  it 
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more  easily  resists  the  chemical  action  of  impure  water,  in  point 
of  preventing  both  corrosion  and  the  deposit  of  incrustations, 
and  is  less  liable  to  oxidation  from  the  action  of  heat.  On  the 
other  hand,  it  is  inferior  to  steel  in  the  fact  that  its  tensile  strength 
is  greatly  reduced  under  increasing  temperatures.  As  quoted 
by  several  boiler  authorities,  its  diminution  of  strength  increases 
from  .0926  as  compared  to  steel  at  270  degrees,  Fahrenheit,  to 
.2133  at  460  degrees,  .2558  at  532  degrees  and  .3425  at  660  de- 
grees.   Well-made  copper  tubes,  however,  can  readily  withstand 


■wn  in  VM.  I«,  Giblblting  the  metbod  of 
tube  plate. 

a  constant  working  pressure  of  between  150  and  180  pounds  to 
the  square  inch,  which  figures  represent  the  average  used  in 
small  vehicle  boilers.  These  advantages  in  copper,  both  pure 
and  in  alloy,  led  long  since  to  the  use  of  brass  tubes  in  some  lo- 
comotive and  other  large  boilers,  with  the  best  results.  For  this 
purpose  brass  proved  far  superior  to  iron,  or  steel,  in  resisting 
the  abrading  action  of  small  particles  of  coke  or  coal  drawn 
through  the  draught;  in  having  a  greater  power  of  springing 
under  increased  expansion,  and  of  being  less  liable  to  break. 
On  the  other  hand,  if  we  may  deduce  a  principle  from  practical 
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experience  on  this  point,  the  inferior  strength  of  copper  tubes 
for  boilers  is  a  positive  advantage,  for,  since  they  are  more  liable 
to  collapse  under  stress  of  over-heat  and  expansion,  the  effect 
may  be  similar  to  that  found  in  water-tube  boilers  under  similar 
conditions — the  bursting  of  one  or  two  tubes  instead  of  a  disas- 
trous rending  of  the  outer  shell.  This  seems  to  be  the  experience 
in  some  cases.  A  prominent  steam  carriage  concern  says  of  its 
tubular  boiler:  "If  the  boiler  should  accidentally  be  allowed  to 
run  dry  and  become  overheated,  all  that  has  ever  been  known  to 


Fia.  14T.— Another  t>-pe  of  SmnlL  Cturlaec  Boiler,  ehowini;  both  tube  plata  Liflanged  and 

happen  is  that  the  tubes  collapsed  at  the  ends  and  the  boiler 
leaked.  The  water  and  steam  escaping  gradually  reduce  the 
pressure  until  none  is  left — the  result  of  which  is  that  the  tubes 
(a  number  of  them)  are  ruined  and  must  be  replaced." 

On  the  matter  of  metal  and  metal  combinations  suitable  for 
use  in  boilers,  the  following  is  quoted  from  an  excellent  article 
on  the  subject : 
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"The  question  of  the  strength  of  materials  for  boilers  was 
elaborately  tested  some  years  ago  by  the  Franklin  Institute.  It 
was  then  found  that  the  tenacity  of  boiler  plate  increased  with 
the  temperature  up  to  550  deg.  Fahr.,  at  about  which  point  the 
tenacity  began  to  diminish  as  the  temperature  rose.  At  32  deg. 
Fahr.  the  cohesive  force  of  a  square  inch  section  was  56,000  lbs. ; 
at  570  deg.  it  was  66,500  lbs. ;  at  720  deg.  it  was  55,000  lbs. ;  at 
1,050  deg.  32,000  lbs.;  at  1,240  deg.  22,000,  and  at  1,317  deg. 
9,000  lbs.  Copper  follows  a  different  law  and  appears  to  be 
diminished  in  strength  for  any  increase  in  temperature.  At 
32  deg.  Fahr.  the  cohesion  of  copper  was  found  to  be  32,800  lbs. 
per  square  inch  section,  and  exceeds  this  cohesive  force  at  any 
higher  temperature,  the  indications  being  that  the  square  of  the 
diminishing  strength  keeps  pace  with  the  cube  of  the  increased 
temperature.  Strips  of  iron  cut  in  the  direction  of  fiber  were 
found  to  be  6  per  cent,  stronger  than  when  cut  across  the  grain. 
Welding  was  found  to  increase  the  tenacity  of  the  iron,  but  weld- 
ing together  different  kinds  of  iron  was  not  found  to  be  favor- 
able. Overheating  was  found  to  reduce  the  ultimate  strength  of 
plates  from  65,000  to  45,000  lbs.  per  given  section,  and  riveting 
of  plates  was  found  to  diminish  the  strength  one-third." 

Steam  Peedins:  Apimratus. — In  general,  one  of  the  gravest 
difRculties  experienced  in  small  boilers  with  a  large  number  of 
fire  flues  and  consequently  small  clearance,  or  water  space  be- 
tween them,  is  the  danger  of  priming.  This  danger  assumes 
graver  proportions  when  we  consider  the  small  cubic  content  of 
the  cylinders,  which  would  speedily  operate  to  disable  the  engine, 
were  it  not  that  some  means  were  adopted  to  insure  the  delivery 
of  perfectly  dry  steam.  This  end  is  achieved  by  some  boiler-mak- 
ers by  the  use  of  a  haifie  plate,  a  metal  sheet  of  slightly  smaller  di- 
ameter than  the  boiler,  which  is  fixed  above  the  water  level  and 
somewhat  below  the  upper  tube  plate,  so  that  the  small  clearance 
all  around  will  permit  the  steam  to  rise  and  emerge  through  the 
steam  pipe  fixed  in  the  upper  plate,  while  at  the  same  time 
effectually  confining  the  water  circulation  to  the  space  below  it. 
Such  a  device  is  particularly  efficient  when  used  in  connection 
with  a  separator,  or  pipe  of  large  diameter  running  across  the 
diameter  of  the  top  plate,  connection  beingf  made  with  the  steam 
space  at  the  centre  of  the  plate  and,  with  the  feed  pipe  to  the  en- 
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ginc,  by  another  pipe  contained  within  the  separator  and  having 
a  number  of  small  holes  drilled  in  its  length.  In  this  contrivance 
an  extra  precaution  is  found  against  the  escape  of  unvaporized 
water.  Any  form  of  separator  may  be  utili/.ecJ  for  this  purpose, 
A  device  of  somewhat  similar  description  is  used  in  the  Stanley 
carriage  boilers  as  an  "internal  dry  pipe,"  being  inserted  in  the 
length  of  the  boiler,  closed  at  the  lower  end  and  having  the  en- 
trance very  little  below  the  top  tube  plate.  The  steam  feed  pipe, 
also  closed  up  at  the  bottom  and  having  a  large  number  of  small 
holes  in  its  length,  is  enclosed  within  the  first  pipe  and  emerges 
near  the  top  of  the  shell.     Other  manufacturers  claim  that  the 


Fio.  148.— The  Boiler  USPd  on  the  "Victor  "Carriaec.  Top  View,  ahowinK  asbestos  packing, 

end  of  securing  dry  steam  feed  is  insured  by  maintaining  the 
water  level  at  a  point  about  midway  in  the  water  chamber,  thus 
allowing  space  for  extra  expansion,  but  it  is  probable  that  the  ma- 
jority also  employ  either  the  baffle  plate,  the  internal  dry  tube,  or 
some  contrivances  of  their  own  to  add  extra  assurance  of  the  re- 
sult. 

Data  on  Some  Carriagfe  Boilers — As  many  American  auto- 
mobile manufacturers  use  vertical  tabular  boilers  for  steam  gen- 
eration, it  is  necessary  to  a  good  idea  of  the  situation  to  give  data 
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regarding  only  a  few  selected  types."  The  boiler  used  in  the  car- 
riages of  the  Stanley  Manufacturing  Co.,  of  Boston,  Mass.,  is 
made  of  fire  box  steel  plate,  5-32  inches  thick,  14  inches  in  diam- 
eter by  13  inches  in  height.  The  longitudinal  joint  is  quadruple- 
riveted,  double  butt-strap  joint ;  the  upper  tube  plate  is  flanged 
out  and  inserted;  the  lower  plate  is  riveted  to  a  lateral  flange  on 
the  end  of  the  cylindrical  shell.  There  are  295  fire  tubes  of  about 
one-half  inch  diameter,  and  the  dry  steam  tube  previously  men- 
tioned, giving  a  total  heating  surface  of  about  forty  square  feet, 
and  a  nominal  rating  of  about  four-horse  power.     All  connec- 


Flii.  IJe.-TheBoilcrusodoii  the  "Victor"  CutIo^,  Bottom  View,  Bhowlni;  blow-oIT  and 
itl<-uni  HUperheuLtDK  tube.  In  ttila  boiler  chs  Htenm  cuntiection  ts  (hroiiuli  a,  tube. 
ulKiiit  Jft  Inch  below  tbc  upper  tube  plate,  whicli  iiohm'h  down  throunh  llie  lower  lubo 

llie  iutn;lDt;  around  tbe  boiler  and  eoniieeta  with  llie  vii)dne  rrum  the  tup, 

lions  are  made  in  the  length  of  the  shell,  and  include  a  pop 
safety  valve,  check  valve  for  water,  steam  and  water  level  gauges, 
the  whole  being  covered  in  with  a  jacket  of  magnesia  plastic 
composition  sheathed  with  aluminum.  The  total  weight  is 
about  110  pounds.  The  feed  water  is  pumped  through  a  coil  of 
pipe  within  the  burner  space,  ensuring  a  temperature  of  at 
least  100  degrees  under  working  conditions  before  entering  the 
boiler. 

The  Stanlev  boiler,  worthy  of  mention  on  account  of  several 
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excellent  features,  is  a  good  type  of  one  theory  of  boiler  construc- 
tion as  applied  by  manufacturers  of  steam  carriages,  that  of  con- 
structing the  shell  of  sheet  metal,  bent  into  shape  and  riveted. 
Another  theory  which  is  embodied  in  several  well-known  makes 
of  carriage  is  that  of  using  a  seamless  cold  drawn  tube  as  the 
basis  of  the  cylindrical  shell.  This  construction  is  found  in  the 
Locomobile,  whose  boiler  has  been  described  above,  and  in  the 


Fio.  16D.— Bottom  View  of  the  "  Beodtng  "  Carriago  Boiler,  ahowliiB  the  uraDeement  of 
the  Hues  tn  the  orown  sheet ;  also,  method  of  livctloE  OD  the  head,  noD-conducUng 
botler  liwslnK.  and  attachment  of  boiler  to  two  anxle  Iron  aupporta  runnlnR  In  Ibe 
width  or  the  carrioKO.  The  liquid  tcaeoline  Is  fed  from  the  atorsce  t&Dk  through  a 
tube  pantng  to  the  top  of  the  boiler,  thence  down  thruuKh  one  of  the  Hue  tubes,  aod. 
In  the  loop.liere  ahown,  over  the  burner  Hame,  hita  the  rekoilalur  and  distributor.  F 
la  the  automatic  fuel  regulator  ;  E,  the  prellmlnnry  vaporiiing  coil :  C  wd  D  valves 
controllinK  the  feed  ;  A,  the  fualblo  pluj;.    The  oiwruliuii  of  the  fuel  feed  will  be  ei- 


light  carriages  of  the  Milwaukee  Automobile  Co.,  the  Steam 
Vehicle  Co.  of  America,  and  several  others.  The  result  is  said 
to  be  greater  strength  than  can  be  secured  in  rivet  construction ; 
there  being  no  seams  to  break  under  strain  and  no  joints  to  be 
weakened  by  the  action  of  heat.    The  Locomobile  boiler  is  inter- 
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esting  from  another  feature,  which  admits  not  only  of  the  use 
of  lighter  plates,  but  also  of  a  copper  shell,  a  cold  drawn  copper 
tube  of  i6  B.  &  S.  wire  gauge,  or  about  one-twentieth  inch  thick- 
ness. Around  this  shell,  to  afford  the  proper  degree  of  tension, 
are  wound  two  layers  of  steel  piano  wire.  The  ends  of  the  tube 
are  flanged  outwardly,  the  tube  plates  being  laid  fiat  upon  them 
and  riveted  into  place  with  a  steel  strengthening  ring  on  the 
inner  side  to  take  the  heads  of  the  rivets.  This  construction  may 
be  understood  by  reference  to  the  sectional  drawing  of  this  car- 
riage. 


Fra.  1B1.— A  I^ne  8t«wn  Sumy.    Several  mech&nlcBl  deUib  UHcd  on  this  ocrUee  will 
be  il(»ci1bctl  later. 

The  following  figures  represent  the  dimensions  of  a  few  other 
well-known  makes  of  carriage  boilers : 

Milwaukee. — Length,  14  inches;  diameter,  i6i  inches;  num- 
ber of  tubes,  350;  diameter  o(  each.  ^  inch;  heating  surface,  50 
square  feet;  working  pressure.  150  pounds. 

Kidder. — Length,  18  inches;  diameter,  16  inches;  number  of 
tubes,  326;  diameter,  \  inch;  heating  surface,  56  square  feet. 

Victor  Steam  Carriage. — Height,  13  inches;  diameter,  16 
inches;  number  of  tubes,  425  ;  diameter,  \  inch  ;  heating  surface, 
54  square  feet ;  working  pressure,  180  pounds. 

Foster  Steam  Wagon. — Water  content  of  boiler,  6^  gallons; 
number  of  tubes,  200;  diameter,  \  inch;  working  pressure,  180 
pounds. 


CHAPTER   THIRTEEN. 

OF   WATER-TUBE    BOILERS,    AND   THEIR   USE  IN   STEA^a 

CARRIAGES. 

CM  Tubular  Boilers  In  General. — ^The  recent  immense  popu- 
larity of  motor  vehicles  has  occasioned  a  corresponding  activity 
in  the  production  of  all  kinds  of  improved  devices  and  appliances 
— in  no  respect  more  than  in  the  domain  of  steam  generators. 
While,  as  has  been  stated,  most  American  steam  carriages  carry 
cylindrical  flue  boilers,  which  have  been  brought  to  a  high  de- 
gree of  perfection  and  steaming  capacity,  a  number  of  manufac- 
turers have  adopted  some  form  of  water-tube  or  flash  boilers, 
with  equally  good  results.  One  reason,  perhaps,  for  this  innova- 
tion lies  in  the  fact  that  water-tube  boilers  are  supposed  to  be 
more  secure  from  disastrous  explosions,  and  another,  that  their 
evaporating  capacity,  per  square  foot  of  heating  surface,  is  rated 
higher.  As  a  matter  of  fact,  however,  neither  consideration 
maintains  fully ;  since  the  common  pattern  of  carriage  flue-boiler, 
with  its  multitudinous  tubes  and  small  water  space,  differs  from 
the  best  water  tube  boiler  of  the  same  size  only  in  constructional 
details.  It  is  inferior  to  it  only  in  the  small  point  that  the  tube 
layers  of  a  water- tube  boiler  may  be  staggered,  and  thus  enabled 
to  intercept  a  much  larger  proportion  of  heat  than  could  be  ab- 
sorbed in  a  straight  flue.  As  regards  the  matter  of  immunity 
from  explosion,  the  use  of  copper  flues,  as  we  have  seen  secures 
this  result  for  the  shell  boiler  quite  as  effectively  as  for  the  other 
variety. 

Directing:  the  Circulation. — There  is  a  point,  however,  in 
which  the  interest  of  inventors  in  tubular  boilers  may  be  fully 
understood,  which  is  that  by  suitable  arrangement  of  the  tubes 
the  circulation  of  the  heated  water  may  be  controlled  to  the  most 
rapid  generation  of  steam.  Hence  it  is  that,  in  overlooking  the 
files  of  the  patent  office  and  of  the  current  motor  vehicle  press, 
we  find  so  large  a  variety  of  seemingly  fantastic  combinations 
of  bent  tubing,  each  of  which  is  proposed  by  its  inventor  as  the 
newest  and  highest  achievement  in  steam  generators.    The  rea- 
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son  for  this  seeming  waste  of  energy  and  ingenuity  is  that  the 
problem  of  how  best  to  control  the  circulation,  to  the  ends  of 
quick  steaming  and  higher  durability,  through  more  uniform 
distribution  of  heat,  has  by  no  means  been  finally  solved.  This 
means  that,  although  very  many  varieties  of  tubular  boiler  pos- 
sess high  efficiency  as  generators  of  steam,  none  of  them  attain 
such  great  power  for  absorbing  heat  but  what  there  is  still  room 
for  efforts  to  discover  some  means  of  neutralizing  waste  in  this 
particular  In  a  generator  built  like  an  ordinary  kettle,  without 
flues  or  screens  to  control  circulation,  the  rising  and  falling  cur- 
rents interfere  with  one  another,  with  the  result  that  the  distribu- 
tion of  heat  is  not  regular,  and  "boiling-over,"  or  "foaming/'  is 


Fia.  IG9.— A  large  Water-tube  Boiler,  showini;  the  mineral  conBtniction  ;  s  cert  ot  water 

liable  to  result  Such  an  effect  in  a  steam  engine  boiler  would 
mean  that  water  is  fed  to  the  cylinders,  along  with  the  steam 
necessary  to  produce  motion;  which  is  lo  say,  spray  would  be 
mingled  with  the  dry  vapor,  to  the  speedy  detriment  of  efficiency. 
Since  it  is  most  desirable  that  the  steam  should  be  dry,the  neces- 
sity of  mechanically  controlling  circulation  is  obvious. 

Advantafcs  of    Controlling  Circulation Furthermore,   by 

suitable  arrangements  for  directing  the  rising  and  falling  cur- 
rents, so  that  interference  is  obviated,  another  very  desirable  end 
is  attained — chemical  impurities,  held  in  solution  by  the  water, 
and  precipitated,  so  as  to  form  scale  deposits,  when  it  is  evapo- 
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rated,  are  prevented  (rom  locating  and  hardening ;  being  received 
inlo  mud  drums  suitably  arranged  at  the  lowest  point  of  the 
water  chamber,  where  they  can  be  conveniently  removed.  Ac- 
cording to  statistics  furnished  by  various  authorities  these  scale 
deposits,  consisting  mostly  of  lime  and  other  non-conducting 
substances,  interfere  with  the  heat-conducing  properties  of  the 
metal  to  an  enormous  extent:  A  deposit  of  1-16  inch  involving 
a  loss  of  13  per  cent,  of  the  fuel ;  a  deposit  of  J  inch,  a  loss  of  25 
per  cent. ;  a  deposit  of  i  inch,  a  loss  of  38  per  cent. ;  a  deposit  of 
J  inch,  a  loss  of  60  per  cent.  The  result  of  allowing  such  in- 
crustations to  increase  will  be  inevitably  that  the  metal  surface 
exposed  to  the  tire  is  burned  out  and  the  boiler  ruined. 


Advantages  of  Sectional  Construction.— Another  very  desir- 
able quality  found  in  water-tube  boilers — it  holds,  in  fact,  for 
most  of  the  efficient  boilers  used  in  motor  carriages — is  that  the 
sectional  construction,  involving  a  distribution  of  pressure 
through  a  large  series  of  small  areas,  is  an  excellent  means  of 
preventing  disastrous  explosions,  such  as  must  result  when  most 
of  the  pressure  is  centered  on  an  extensive  area  like  the  shell  of  a 
large  cylindrical  boiler.  This  large  shell  can  undoubtedly  stand 
a  much  higher  pressure  before  yielding,  but  this  tact  involves  a 
terrific  catastrophe  when  once  that  breaking  point  is  reached.  A 
smaller  and  lighter  tube  may  be  rent  by  a  comparatively  slight 
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pressure,  but  its  rupture  means  only  a  local  explosion  of  small 
extent  and  power  (or  harm. 

General  Advantaces  of  Water-Tube  Boilers. — To  sum  up 

the  advantages  of  water-tube  boilers,  we  find  that  the  plan  of 
breaking  up  the  generator  into  a  train  of  tubes,  suitable  for  con- 
trolling the  circulation,  increasing  the  heating  surface,  and  en- 
abling proper  separation  of  both  steam  and  sediment  from  the 
liquid  water,  both  increases  the  efficiency  and  decreases  the  dan- 
ger. Since  both  these  considerations  are  of  the  utmost  impor- 
tance in  motor  carriages,  which  are  most  often  handled  by  per- 
sons unskilled  in  mechanical  science,  it  is  obvious  that  the  watct- 
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tube  boiler,  or,  at  least,  some  type  embodying  a  majority  of  its 
features,  is  most  desirable.  The  following  quotation  from  a  pa- 
per, read  before  the  Society  of  Naval  Architects  and  Marine  En- 
gineers, by  Capt.  George  W.  Melville;  U.  S.  N,,  shows  the  situa- 
tion on  the  subject  in  the  minds  of  competent  engineers.  He 
says: 

"The  fact  that  water-tube  boilers  raise  steam  quickly  is  of 
the  greatest  advantage.  I  have  stated  elsewhere  that  I  con- 
sider the  battle  of  Santiago  to  have  developed  the  necessity 
of  the  use  of  water-tube  boilers,  whether  it  taught  us  anything 
else  or  not.  It  would  have  been  of  the  greatest  advantage  to 
have  had  during  the  blockade  of  Santiago  boilers  capable  of 
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raising  steam  in  less  than  half  an  hour.  Coal  need  not  have 
been  used  to  keep  all  the  boilers  under  steam  all  the  time. 
The  Massachusetts  might  have  shared  in  the  glories  of  the 
fight  if  she  had  been  fitted  with  water-tube  boilers.  The  In- 
diana would  have  kept  up  with  the  Oregon  and  the  Texas. 
The  New  York  would  have  developed  at  least  three  knots  more 
speed  and  the  navy  would  have  been  spared  a  controversy. 
I  think  the  Colon  would  not  have  gotten  as  far  away  as  she 
did.    But  we  did  not  have  the  water-tube  boilers." 

The  "Pros"  and  "Cons'^of  Water-Tube  Boilers An  Eng- 
lish authority  on  boilers,  Edwin  Griffith,  in  a  paper  read  before 
the  Northeast  Coast  Institution  of  Engineers  and  Shipbuilders, 
states  the  following  advantages  and  disadvantages  involved  in  the 
use  of  water-tube  boilers.  Under  the  head  of  advantages,  he 
enumerates:  (i)  reduced  weight;  (2)  quicker  steam  generation; 
(3)  small  dimensions  of  the  parts  subjected  to  pressure;  (4)  small 
amount  of  contained  water,  rendering  explosion  less  serious ;  (s) 
ability  to  endure  sudden  changes  of  temperature.  Under  the 
head  of  disadvantages,  he  enumerates:  (i)  the  necessity  of  regu- 
lar and  constant  feeding  of  water ;  (2)  the  difficulty  of  access  to 
the  interior  of  tubes  to  remove  deposits ;  (3)  the  impossibility  of 
plugging  a  leak  without  putting  a  boiler  out  of  service ;  (4)  the 
fact  that  the  average  water-tube  boiler  will  not  stand  neglect  and 
rough  usage  as  well  as  the  fire  flue  variety.  The  last  considera- 
tion applies  particularly  to  boilers  intended  for  use  in  motor  car- 
riages, which  should  be  particularly  designed  to  withstand  neg- 
lect and  handling  by  unskilled  engineers.  Mr.  Griffith  also  men- 
tions as  possible  and  general  objections  the  facts  that  (i)  the 
comparatively  small  area  of  water  and  steam  surfaces  often  in- 
volves a  greater  liability  to  prime  than  is  found  in  flue  boilers, 
with  the  result  that  some  simple  form  of  separator  should  always 
be  used;  (2)  the  necessity  of  insulating  the  fire  space,  so  as  to 
offset  the  radiation  of  heat  and  prevent  setting  fire  to  surround- 
ing objects ;  (3)  the  combustion  space  is  frequently  too  small  for 
the  expected  generation  of  power;  (4)  the  constant  danger  of 
burning  out  the  tubes  nearest  the  fire  when  a  tortuous  circuit 
for  the  burned  gases  is  provided. 

The  causes  of  corrosion  he  sums  under  five  heads:  (i)  the  ad- 
mission of  oil  into  the  feed  water;  (2)  solid  matter  in  the  feed 
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water,  liable  to  be  precipitated  and  form  deposits ;  (3)  air  in  the 
feed  water,  liable  to  cause  oxidation  of  the  heating  surfaces ;  (4) 
carbonic  acid  in  the  feed  water,  liable  to  produce  unfavorable 
chemical  action,  and  to  be  neutralized  by  the  use  of  caustic  soda; 
(5)galvamc  action,  causing  corrosion,  due  to  want  of  uniformity, 
almost  always  found  in  the  materials  composing  the  various 
parts. 


Advantages  of  Water- Tube  Boilers. — With  the  water-tube 
boiler,  on  the  other  hand,  the  fact  that  the  full  force  of  the  steam 
pressure  cannot  bear  on  any  one  extended  surface  involves  that 
in  the  event  of  overheating  or  sinking  of  the  water  level,  only  one 
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or  two  of  the  tubes  will  burst  with  no  very  serious  consequences. 
Wellington  P.  Kidder,  a  boiler  expert,  enumerates  the  following 
ten  points  of  structural  advantage  in  a  well-made  water-tube 
boiler,  adapted  for  road  wagons :  * 

(i)  The  water  should  not  be  expelled  by  heat  from  the  tubes 
nearest  the  fire ;  (2)  foaming  and  priming  are  no  more  likely  than 
in  shell  boilers;  (3)  there  need  be  no  joints  near  the  fire;  (4) 
there  may  be  but  few  parts,  easily  and  cheaply  assembled;  (5) 
the  weight  is  about  two-thirds  that  of  a  shell  boiler  of  equal  ca- 
pacity; (6)  being  in  sections,  it  may  be  easily  taken  apart  for 
cleaning  or  repairs;  (7)  an  easily  removable  casing  will  deflect 
downward  any  escape  of  steam  or  water,  due  to  breakage  of 
tubes ;  (8)  a  natural  and  rapid  circulation  through  all  tubes  in- 
sured ;  (9)  ample  provision  for  insuring  dry  steam  for  the  cylin- 
ders; (10)  the  ready  possibility  of  blowing  steam  through  the 
tubes  for  removing  incrustations,  also,  between  them,  for  remov- 
ing soot.  In  a  compliance  with  such  conditions  in  construction 
he  finds  the  following  eight  points  of  superiority :  (i)  All  danger 
minimized;  (2)  steam  quickly  generated;  (3)  weight  minimized; 
(4)  superior  absorption  of  heat  by  inclined  tubes;  (5)  more  heat- 
ing surface  found  on  exterior  of  tubes;  (6)  less  opportunity  for 
dust  accumulation ;  (7)  higher  working  pressure  of  steam  practi- 
cable; (8)  better  elastic  provision  for  expansion.  He  confesses, 
however,  that  most  of  the  really  practical  water-tube  boilers  for 
vehicles  present  some  one  or  all  of  the  following  three  disad- 
vantages: (1)  Too  much  bulk  and  complication;  (2)  liability  to 
foaming  and  priming;  (3)  danger  of  expulsion  of  water  from  the 
tubes  nearest  the  fire  by  overheating.  The  last-named  fault,  if 
not  the  others  also,  is  to  a  large  extent  offset  in  the  De  Dion, 
Weidnecht  and  Clarkson-Capel  water-tube  generators  by  the 
lower  chamber  or  water-jacket ;  and,  in  the  Lifu  generator  by  the 
trunk  tube  and  water  arch  features.  The  Lifu  generator  is  nearly 
the  most  elaborate  attempt  yet  made  to  mechanically  control  the 
water  circulation.  In  the  ideal  water-tube  boiler,  however,  the 
tubes  would  run  across  the  draught  through  a  portion  of  their 
length,  at  least,  thus  making  possible  a  greater  absorption  of  heat, 
through  the  breaking  of  the  air  currents.     This  result  is  im- 

♦"TTorseless  Age,"  Dec.  6.  i8qq. 
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mensely  incjeased  when  the  successive  rows  of  tubes  are  stag- 
gered, so  as  to  still  further  divide  up  the  draught  currents. 

The  Field  Finger-Tube  Boiler.— A  type  of  water-tube  boiler 
which  has  ^ven  good  service  in  several  steam  carriages,  notably 
the  Thomson-Ransomc  coach,  built  about  1870,  and  the  Valee 
coach,  built  about  1880,  is  of  the  ordinary  fire-engine  upright 
pattern,  with  a  central  smoke  flue  controlled  by  the  form  of 
baffle  damper,  [or  regulating  the  heat  currents,  shown  in  the 


FiQ.  1S7.  Fro.  168. 

FioB.  IST-m,— FleM  Wal«r-(iibe  Boiirr  and  one  of  the  Field  Tubep,  Bhcnrlnjc  inner  tabs 
and  method  of  coiitnillliig  circuiatlaa.  A  number  of  auch  tubes  are  hunt;  over  the 
Ore  boi  ot  the  boiler,  oa  shown. 

accompanying  figure.  Instead  of  fire  tubes  or  coils,  it  has  the 
bottom  crown  plate  fitted  with  a  number  of  suspended  "finger 
lubes,"  through  which,  on  account  of  the  peculiar  shape  of  the 
movable  baffle  damper,  the  heated  gases  are  forced  to  circulate. 
Each  of  these  tubes,  which  is  closed  and  rounded  off  at  the  bot- 
tom end,  like  a  chemist's  test  tube,  is  inserted  and  expanded  in 
an  aperture  in  the  crown  sheet.  In  this  inner  open  end.  as  shown, 
is  inserted  a  second  smaller  tube,  which,  in  turn,  depends  from 
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a  perforated  globe,  or  a  suitable  collar,  ihe  three  elements  being 
firmly  attached.  In  the  style  of  Field  tube  shown  in  the  figure, 
the  perforated  globe  carries  a  tapering  ferrule  that  is  driven  into 
the  end  of  the  outwardly  hanging  finger  tube,  thus  further  secur- 
ing the  joint. 

The  operation  is  to  be  understood  readily:  The  water  in  the 
lowest  level  of  the  finger  tubes  is  directly  affected  by  the  heat 
of  the  furnace,  and  rises  along  the  sides;  the  descending  strata, 
working  down  to  take  the  place  left  by  the  rising  mass,  moves 
through  the  orifice  at  the  top  of  the  globe  and  down  the  central 
tube.  The  circulation  is  thus  perfectly  guided  and,  all  interference 
of  the  rising  and  falling  currents  being  prevented,  the  greatest 
possible  percentage  of  heat  is  utilized.  In  spite  of  the  high  effi- 
ciency of  Field  tube  boilers,  they  have  been  almost  entirely  sup- 
planted in  the  domain  of  motor  vehicles  by  other  types  less  diffi- 
cult to  construct  and  maintain. 


Fio.  159.— The  SterlinR  Water-tube  Bollar. 

The  Sterlinc  Llsht  Carriage  Boiler— From  among  the  tu- 
bular boilers  that  are.  or  have  been,  in  actual  use  on  motor 
vehicles  a  few  have  been  chosen  for  brief  description,  on  account 
of  some  original  or  excellent  features.  The  Sterling  tubular 
boiler  is  one  of  the  most  typical  of  its  kind,  and  very  well  illus- 
trates the  essential  features  of  water-lube  boilers  as  used  for  all 
purposes.  It  consists  of  two  heads,  a  longer  and  a  shorter  one, 
as  shown,  each  of  which  is  formed  of  two  plates  of  boiler  iron, 
flanged  and  bolted  together,  so  as  to  leave  a  shallow  chamber 
between  each  two  plates.  The  heads,  thus  formed,  are  connected 
together  by  three  tiers  of  water  tubes:  The  lowest  tier,  a  num- 
ber of  rows  of  small  steel  tubes,  tilted  upward  from  the  water 
intake  at  the  base  of  the  longer  tube  plale,  and  staggered,  as 
shown,  so  as  to  absorb  as  much  heat  as  possible,  and  control  the 
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circulation  of  the  contained  water;  the  middle  tier,  consisting  of 
three  tubes  of  large  diameter  fixed  just  above  the  water  level,  so 
as  to  form  suitable  steam  drums ;  the  upper  tier,  consisting  of 
three  rows  of  tubes  similar  in  diameter  to  the  lowest  rows,  and  also 
staggered,  run  parallel  to  the  steam  drums,  and  serve  as  a  super- 
heater for  the  steam.  The  steam  out-take  is  situated,  as  shown, 
at  one  end  of  the  superheater  tubes.  The  manufacturers  of  this 
generator  claim  a  very  high  efficiency  in  steam  generation,  and 
allege  that  the  heads  will  withstand  a  pressure  of  6o,ooo  pounds 
per  square  inch,  and  the  tubes,  all  formed  of  seamless  cold-drawn 
steel  tubing,  a  constant  pressure  of  400  pounds.  They  claim, 
also,  that,  with  an  efficient  burner,  20  pounds,  gauge,  of  steam 


Flo.  IGO.— The  Oeneva  Carriiiec  Boiler.    This  boiler  cooBlita  of  leverKl  coU>  or  tublni; 
cliamber  above  is  construcled  like  ui  ordlnikry  aueimiler. 

can  be  generated  in  two  minutes,  and  140  pounds  in  five  min- 
utes. The  head  plates  may  be  removed,  without  taking  the  boiler 
from  the  carriage,  and  the  entire  system  of  tubes  thoroughly 
cleaned,  which  feature  greatly  adds  to  the  convenience  of  the 
boiler. 

The  Geneva  Tubular  Boiler— Several  other  manufacturers  of 
steam  carriages  have  adopted  boilers  similar  in  general  features 
to  the  Sterling,  but  experience  seems  to  prove  that  those  who  do 
not  use  the  familiar  flue  boiler  have  some  form  of  multiple  coil 
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generator,  such  as  are  about  to  be  described.  Two  of  the  best 
designed  among  the  coil  boilers  are  the  Geneva  and  the  Toledo, 
named  respectively  as  the  carriages  they  propel.  The  Geneva 
boiler  has  the  general  characteristics  of  water-tube  boilers,  but 
has  been  well  described  as  a  '^combination  of  tube  and  flue  boil- 
ers." It  consists  of  six  somewhat  conical  superposed  coils  of 
I  inch  seamless  cold-drawn  steel  tubing,  each  17  feet  total  length, 
which  are  pinned  and  brazed  to  a  header,  or  manifold  tube,  both 
at  the  centre  of  the  coils  and  at  the  outside  extremity.  These  two 
"headers"  serve  the  same  ends  as  do  the  head  plates  of  the  gen- 
erator just  described ;  being  simply  common  chambers  in  which 
the  water  may  pass  from  one  coil  to  another,  as  impelled  by  the 
tendency  of  circulation.  Thus  the  tendency  within  the  inner 
header  is  from  the  lower  to  the  higher  coils  and  within  the  outer, 
the  reverse.  By  this  means  the  circulation  is  directed  into  its 
natural  channels,  and,  at  the  same  time,  the  water  within  the 
coils  is  exposed  to  the  greatest  possible  area  of  heat.  The  heat  is 
also  largely  economized,  as  in  most  tubular  generators,  by  stag- 
gering the  rows  of  tubes,  thus  repeatedly  deflecting  and  break- 
ing up  the  current  of  burning  gas,  as  it  moves  upward  to  the 
vent.  The  water  intake  is  at  the  base  of  the  outer  header  tube, 
and  the  feed  water,  as  it  enters,  is  urged  into  the  coils  by  the 
pressure  of  the  circulating  liquid;  its  temperature  being  imme- 
diately raised  by  contact  with  the  heated  tubes.  Both  headers 
are  secured  by  bolts  to  the  drum  above  the  tiers  of  coils,  as 
shown,  and  open  into  it  by  ports  that  permit  the  steam  to  be 
given  off,  and  any  water  escaping  to  follow  the  general  direction 
of  circulation.  This  drum  is,  in  fact,  a  flue  shell  boiler,  being 
pierced  by  16  flues  of  1}  inch  diameter,  which  enable  the  super- 
heating of  the  steam,  as  the  products  of  combustion  pass  through 
them. 

The  generator  thus  formed  shows  a  very  high  efficiency  in 
steaming  and  a  practically  complete  immunity  from  explosion. 
Actual  experiments,  it  is  stated,  have  shown  that,  in  the  event  of 
the  water  supply  being  exhausted,  the  engine  will  merely  stop, 
and  no  disastrous  consequences  will  follow.  The  tubes  then  being 
heated  in  the  flame  of  the  burner,  which  is  controlled  by  a  dia- 
phragm regulator,  such  as  will  be  later  described,  steam  evapora- 
tion begins  again  as  soon  as  the  water  is  injected,  the  action  then 
being,  in  fact,  somewhat  on  the  order  of  the  "flash"  generators. 
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Although  not  intended  to  act  as  a  flash  boiler,  it  is  probable  tliat 
the  coil  design  would  need  but  little  alteration  to  enable  it  to  do 
so.  Furthermore,  the  crown  sheet  o(  the  steam  chamber  above 
the  coils  is  so  far  removed  from  the  fire  that  the  flues  cannot 
be  injured  or  burned  out,  even  if  the  water  is  carelessly  allowed 
to  become  entirely  evaporated.  The  chamber  adds  capacity  for 
steam  generation,  and  keeps  the  steam  supply  at  a  point  quite  in- 
dependent of  the  rate  of  water  supply,  which  is  of  itself  a  valuable 
item  in  a  motor  carriage  boiler,  where  the  demand  is  usually  very 


i»==n 


Fio.ieL 


Fio.  loa. 
it  the  Honran  Bollor  used  on  the  Toledo 


-102.— Outage  uiil  SeclionBl  BeTatlc „ _ 

tloiis  lliroiiKh  tlm  suprrhoftiInK  w>il.  Tlir  occi)"nal  vii-w  hIiciwh  the 
lupf-TnoatiiiK  ai'I  oncottbc  Kiniprii'liB  coils  in  imtltion,  wIlU  poniietUona  indl- 
3r  other  coi In.    ABshnwn,  the  Htntm  eniera  a.  vcrili-al  tube  Bomewlint  twlovr 

of  theBlnum  apoco;  I  hence  HowliiK  downwud,  through  one  of  llie  colls  nbore 

and  out  to  the  eii^nc  through  thu  feed  pipe. 

It  is  also  a  desirable  feature  not  possessed  by  the  gen- 
eral run  of  water-tube  boilers. 

The  Geneva  boiler  is  8  inches  high,  measured  from  the  base  to 
the  apex  of  the  coned  coils,  and  the  water  chamber  measures  9 
inches  from  the  crown  plate,  giving  a  total  height  of  17  inches. 
It  is  also  17  inches  in  diameter.  The  engine  which  it  supplies  is 
rated  at  6  horse-power,  gross,  which  represents  an  excellent  av- 
erage of  output  for  its  29  1-3  square  feet  of  lieating  surface  being, 
in  fact,  I  horse-power  at  the  boiler  for  each  5  square  /eet. 
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The  Toledo  Waten-Tube  Boiler — The  Toledo  boiler,  al- 
though differing  considerably  in  some  particulars,  is  constructed 
on  the  same  general  principles  as  the  Geneva.  It  consists  of  an 
annular  water  and  steam  chamber,  formed  by  bolting  together 
two  seamless  steel  shells,  suitably  shaped  as  shown,  within  which 
eight  slightly  coned  coils  of  f  inch  steel  tubing  are  attached  at 
top  and  bottom.  The  outer  connection  of  each  of  these  coils  is 
near  the  bottom  of  the  annular  space,  instead  of  in  a  header  of 
any  description  and  the  centre  connection  is  near  the  top  of  the 
chamber.  The  attachments  of  all  the  coils,  both  at  the  top  and 
at  the  bottom,  being  on  horizontal  planes,  perfect  circulation  is 
made  possible  from  the  lowest  point  of  heat  contact  upward. 
Because  of  the  excellent  character  of  these  circulation  guides, 
dry  steam  is  fed  to  the  engine,  without  danger  of  priming,  the 
annular  steam  space  serving  as  a  centrifugal  separator.  The 
dimensions  are  19  by  19  inches,  but  i^  inches  of  asbestos  pack- 
ing gives  a  total  breadth  of  22  inches.  A  heating  surface  of  38 
square  feet  is  reckoned,  on  which  is  claimed  i  horse-power  for 
every  5  feet,  giving  a  total  of  y\  horse-power  at  the  boiler. 

Since  the  two  seamless  shells,  forming  the  annular  water  and 
steam  space,  are  bolted  together — no  rivets  are  used — they  may 
be  readily  taken  apart  for  necessary  repairs  or  cleaning.  The 
coils,  also,  being  connected  to  the  shells  by  joints  of  special  pat- 
tern, may  be  removed  with  ease. 

The  Rider  Tube  Plug  Boiler— The  Rider  boiler  is,  perhaps, 
one  of  the  most  radical  departures  in  water-tube  generators,  de- 
vised to  meet  the  requirements  of  motor  carriages  for  a  light, 
compact  and  quick-steaming  apparatus.  It  consists,  briefly,  as 
shown,  of  a  cylindrical  shell,  constructed  without  flues.  The 
lower  crown  plate  contains  a  number  of  threaded  perforations, 
into  which  the  tube  plugs  may  be  inserted.  Each  of  these  plugs, 
made  of  brass  or  steel,  as  desired,  are  fitted  with  nine  tubes  bent 
U-shaped,  and  expanded  into  holes  drilled  in  the  plug.  The  outer 
arm  of  each  tube  is  then  countersunk  to  receive  an  extra  length 
of  slightly  smaller  diameter,  which,  being  inserted,  gives  each 
one  the  shape  of  the  letter  J. 

The  plugs,  thus  formed,  are  inserted  in  the  perforations  of  the 
lower  crown  plate,  and  screwed  home  with  an  ordinary  wrench. 
Any  plug  may  be  detached  without  removing  the  boiler. 
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The  action  of  the  Rider  tubes  is  very  analogous  to  that  of  the 
ordinary  Field  tube  boilers  already  described.  The  water  circu- 
lation, under  heat  impulse,  is  downward,  at  the  centre  of  the  tube 
clusters,  and  upward,  through  the  outer  legs.  Since,  however, 
these  elongated  outer  legs  are  designed  to  reach  above  the  water 
level,  the  resistance  experienced  even  with  Field  tubes  is  ob- 
viated, and  strong  jets  are  thrown  upward  to  a  baffle  plate  placed 
immediately  above  tiiem,  the  water  falling  thence  to  the  surface 


Fio.  163  —The  RhlKr  Tube  Plug  Wnter-tuoe  l»o;ler,  BhowinB  one  tube  ptug  uid  the  twHem- 

after  giving  ofT  its  steam.  The  upper  crown  plate  is  merely 
bolted  into  place,  which  arrangement  permits  it  to  be  re- 
moved, when  desired.  The  entire  structure,  water  chamber  and 
tubes,  is  inserted  in  a  suitable  external  shell,  which  forms  a 
generator  14  by  14  inches,  developing  5  horse-power,  gross,  at 
the  boiler.  Any  form  of  burner  may  be  used,  and  the  greatest 
possible  percentage  of  heat  may  be  utilized,  since  the  products  of 
combustion  are  led  around  the  outside  of  the  shell  to  the  vent. 
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One  of  the  foremost  advantages  claimed,  next  to  quick  and 
ready  steaming  qualities,  is  that  the  rapid  circulation  of  water 
positively  prevents  the  deposit  of  scale  in  the  tubes.  Further- 
more, the  construction  being  reduced  to  such  exceedingly 
minute  sections,  the  danger  of  explosion  is  made  so  remote  as 
to  be  practically  impossible.  It  is  also  asserted  that  the  bmler 
cannot  burn  out,  in  case  the  water  supply  is  exhausted. 


Pio.  IW.— The  TbomycToti  Stcnn  Wagon  Boilur. 

The  Thomyenrft  Heavy  Vehicle  Boiler.— The  boilers  just 
described,  with  the  possible  exception  of  the  last,  are  manufac- 
tured exclusively  for  hght  steam  carriage  use.  But  such  a 
treatise  as  the  present  one  would  be  incomplete  without  some 
notice  of  the  numerous  types,  called  into  being  in  response  to 
the  demand  for  generators  adapted  to  the  needs  of  heavy  trucks, 
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lorries  and  coaches.  The  achievements  of  engineers,  in  the  early 
days  of  the  Nineteenth  Century,  in  producing  generators  capable 
of  operating  their  somewhat  unwieldly  coaches,  has  been  more 
than  outdone  in  the  present  day.  Perhaps  among  these  heavy- 
vehicle  generators  none  have  proved  more  efficient  than  the 
ThornycroEt,  whose  details  are  shown  in  several  accompanying 
diagrams.  Briefly,  it  consists  of  two  annular  chambers,  one 
above,  one  below,  connected  together  by  i68  slightly  inclined 
tubes,  set  four  deep  in  the  tube  plates  and  staggered,  as  shown. 
Both  tube  plates  are  steel  pressings,  and  the  upper  and  lower 


rio.  1«S,— Top  view  or  the  AnrmJar  PtessinE,  fu; 

u|jpt-r  tube  [flatti  of  thu  Thornycrof I  bullcr.     auv  4uiaiir^<.iiii:ijt.  ^ri  ui«j  tuwi  id  niwvn 

chambers  are  built  up  on  them  by  ring-shaped  sections,  suitably 
riveted.  But  the  top  and  bottom  plates  of  the  boiler  are  bolted 
on,  as  shown,  so  as  to  admit  of  their  ready  removal  for  cleaning 
or  repairs.  Fuel,  usually  coke,  is  fed  to  the  fire  through  the 
aperture  in  the  top  of  the  boiler,  and,  since  the  grate  is  situated 
at  a  point  about  the  bottom  of  the  cut,  the  fire  is  confined  below 
the  water  tubes,  touching  no  part  of  the  generator  except  the  in- 
wardly-sloping sides  of  the  lower  drum.  .Access  to  the  fire,  for 
the  removal  of  clinkers,  may  be  had  through  the  door  shown  in 
the  lower  drum  at  about  the  level  of  the  grate. 
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The  entire  structure  is  sheailied  by  a  suitable  casing,  which 
confines  the  gases  of  combustion,  preventing  their  escape  at  all 
points,  except  the  chimney,  which  is  situated  to  one  side.  Here  a 
forced  draught  is  maintained  by  exhaust  steam,  as  in  a  railroad 
locomotive,  and  the  smoke  and  burned  gases,  having  no  other 
vent,  are  compelled  to  pass  out  through  the  small  spaces  be- 
tween the  slanting  tubes,  thus  giving  off  a  very  large  percentage 
of  their  heat. 


the  ipread  or  tbt 


Steam  is  taken  off  through  the  vent  shown  at  the  left  hand  top 
of  the  upper  chamber,  and  is  fed  to  the  engine  through  a  steam 
dome.  Later  patterns  of  this  boiler  have  also  a  superheating  coil, 
which  carries  the  steam  from  the  upper  part  of  the  chamber 
to  a  point  directly  over  the  fire,  and  thence  out  through  this 
same  vent.  Water  is  fed  to  this  boiler  by  a  pump  worked  by  a 
worm  gear  on  the  crank  shaft  of  the  engine,  or  by  an  injector, 
when  the  machinery  is  not  in  motion.    Two  safety  valves  are  also 
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provided;  one  blowing  off  into  the  chimney,  the  other,  situated 
at  the  top  of  the  steam  chamber,  into  the  air. 

With  a  generator  of  this  description,  something  over  3  feet  in 
height,  83  square  feet  of  heating  surface  is  obtained  on  about  2.4 
square  feet  of  grate  area.  Its  usual  working  pressure  is  about  175 
pounds  per  square  inch,  with  test  at  350  pounds,  and  sufficient 
steam  is  developed  to  give  20  B.  H,  P.  at  440  revolutions  per 
minute,  which  represents  i  horse-power  at  the  boiler  for  each 
4.15  square  feet  of  heating  surface.  Such  an  average  indicates  a 
highly  efficient  generator. 


Fh.  vb. 

Flo.  1BT.— The  Toward  Water  Tube  Boiler. 

PiQ.  108.— 6iilt:  Stay*,  ai  on  the  Water-lee  ot  Che  Toward  Boiler.    The  square  marked 
a  a  a  a  Inditntes  the  area  ot  prtasuro  which  must  be  reltiforcfid  by  each  bolt. 

The  Toward  Heavy  Vehicle  Boiler The  Toward  generator, 

used  in  the  steam  wagons  and  tractors  manufactured  by  Toward 
&  Co.,  of  Newcastle,  England,  is  another  example  of  high-class 
boiler  making.  As  shown  in  the  figure,  its  working  parts  con- 
sist of  a  rectangular- profile  water  and  steam  chamber,  extending 
as  a  water-leg  to  the  level  of  the  grate.  Just  above  the  fire  box, 
the  front  and  rear  walls  of  the  water  chamber  are  connected  by 
a  number  of  steel  tubes — there  arc  about  90  of  them  in  the  boil- 
ers of  this  pattern — placed  in    slightly    tilted  rows  and  stag- 
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gered.  These  are  expanded  into  the  tube  plates  in  the  usual 
manner,  and  serve  as  circulation  guides.  The  tilt  is  g^ven  by  the 
backward  inclination  of  the  entire  structure,  as  shown.  Imme- 
diately above  the  water  tubes  is  a  cylindrical  steam  and  water 
drum,  which  consists  of  a  length  of  steel  tubing  riveted  around 
at  each  end  to  annular  flange  pieces  which  serve  to  attach  it  to 
the  front  and  rear  walls  of  the  tube  space,  as  shown.  The 
products  of  combustion  pass  through  the  spaces  between  the 
lower  rows  of  tubes,  up  and  around  the  cylindrical  steam  cham- 
ber, thence  out  through  the  chimney.  Steam  is  taken  off 
through  the  cock  shown  at  the  summit  of  the  boiler.  A  blow-off 
cock  is  attached  at  the  rear  near  the  base. 

Needed  rigidity  is  given  to  this  boiler  by  stay  bolts  running 
from  front  to  rear,  also  conecting  the  outer  and  inner  walls  of  the 
water  space  around  the  fire  box.  By  removing  these,  the  tubes 
may  be  reached  for  cleaning  or  repairs. 

With  a  generator  of  this  description,  measuring  2  feet  2  inches 
across  the  fire  box  and  tube  space,  and  3  feet  high,  a  heating  sur- 
face of  40  square  feet  is  realized ;  with  a  height  of  4  feet,  a  heat- 
ing surface  of  65  square  feet.  The  latter  style  has  a  record  of 
evaporating  about  600  pounds  of  water  per  hour  at  190  pounds 
pressure. 

The  De  Dion  Boiler.  —  Another  excellent  type  of  boiler  for 
heavy  road  wagons  is  that  shown  in  Fig.  169.  It  consists  of  two 
annular,  or  ring-shaped,  cylindrical  vessels,  A  and  5,  which  are 
connected  together  by  a  number  of  tubes,  CC,  slightly  inclined, 
'as  shown.  These  tubes,  about  500  in  number,  greatly  assist  the 
circulation  of  the  water.  The  vessel,  B,  is  divided  at  about  the 
middle  of  its  length  by  the  partition,  D,  which  is  efficient  in 
separating  the  steam  chamber  from  the  water  and  thus  enabling 
the  delivery  of  super-heated  dry  steam  into  the  cylinders.  The 
feed  water,  which  is  delivered  to  the  boiler  from  a  pump  operated 
by  an  eccentric  gear  on  the  crank  shaft,  passes  through  the  coils, 
£,  being  thus  heated  by  the  fire  before  reaching  the  boiler,  and 
the  exhaust  steam  is  passed  through  the  coils,  F,  which  serve  to 
super-heat  it  and  largely  prevent  its  delivery  as  visible  vapor. 
The  top  and  bottom  of  each  of  the  chambers,  A  and  B,  are  flat 
rings  properly  grooved  to  receive  the  ends  of  the  inner  and  outer 
casings,  and  secured  in  place  by  long  bolts  engaging  suitably 
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nuts  at  top  and  bottom.  While  such  a  construction  is  probably 
unreliable  for  high  pressure  boilers  of  large  power,  it  is  able  to 
withstand  a  working  stress  of  200  pounds  in  the  steam  gauge, 
and  the  development  of  a  large  horse  power  in  proportion  to  the 
water  capacity  of  the  boiler. 

For  a  steam  omnibus  driven  by  an  engine  capable  of  develop- 
ing as  high  as  twenty-four-horse  power,  such  a  boiler  would  have 
a  total  heating  surface  of  sixty  square  feet,  a  grate  surface  of 
1.95  square  feet  and  weigh  200  pounds.  The  fuel  used  for  such  a 
service  is  coke,  to  be  fed  to  the  furnace  through  the  centre  of  the 


Fio.  IW.— Familiar  Form  of  the  De  Dion  Boiler,    A  t«  the  outer  »nmil«r  chamber  oon- 
neotrd  to  the  inner  annular  chamber,  R  by  Che  inc-lincri  tub™.  CO.    A  screen.  DD. 

FfCfor  superheatinK  the  eihmiaC  Bteam,    Steam  connectlona  ume  aa  in  Fig.  IM. 

annular  vessel,  B,  which  is  closed  by  the  cover,  G.  As  will  be 
readily  understood,  the  numerous  connecting  tubes,  CC,  serve  the 
double  office  of  promoting  the  water  circulation  and  increasing 
the  heating  surface.  The  result  is  a  very  powerful  and  service- 
able generator. 

Otber  Heavy  Vehicle  Boilers.  —  There  are  several  other 
heavy  vehicle  boilers  which  seek  to  combine  the  features  of 
water-tube   heating   surface   and   improved   circulation,   among 
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which  may  be  mentioned  the  Clarkson  &  Capel  and  the  Weid- 
knecht.  Both  these  boilers  are  built  on  the  water-jacket  vertical 
design,  shown  in  Fig.  123.  except  that  the  steam  chamber  over 
the  fire  is  very  much  higher  up  in  order  to  provide  r6om  for  be- 
tween fifty  and  eighty  inclined  tubes  running  between  the  two 


sides  of  the  water-jacket  space,  and  across  the  draught.  Above 
these  in  the  Weidknecht  generator  are  also  a  number  of  vertical 
smoke  tubes,  but  in  the  Clarkson  &  Capel  the  space  is  occupied 
by  a  single  chimney  flue.  One  of  the  most  elaborate  attempts  to 
utilize  the  water  tubes  to  promote  circulation  is  shown  in  the 
"Lifu"  boiler,  which  is  used  on  the  wagons  of  the  Liquid  Fuel 


SMALL   WATER-TUBE  BOILERS.  Ifl7 

Engineering  Co.,  of  England — the  name  of  the  boiler  being  de- 
rived from  the  first  syllables  of  the  first  two  words.  Most  of  the 
general  structural  points  may  be  understood  from  the  figure, 
which  shows  three  principal  parts;  a  circular  trunk  tube  at  the 
base,  from  which  a  large  number  of  curved  tubes  lead  to  the 
steam  drum  shown  above.  In  addition  to  these  the  trunk  tube 
is  also  connected  to  the  bottom  of  the  drum  by  a  water  connect- 


ri.— ImproTcd  Rlrler  Boiler,    The  aame  J-ti 


■mer  ficiirc,  pxcept  thai.  Instead  of  being;  Inserted  into  plugs,  an  there 
re  cipaiided  evenly  into  the  crown  sheet ;  thus  glTlng  a  much  larger 
D*.  Tile  feed  waier  i-irculatcB  through  the  coil  surroundlEg  the  tube 
urci*.  ■.HUB  luBuline  Its  pre-heatlne.  Rapid  Btcamhig  qualities  and  very  high  elHcioncy 
are  claimed  for  thin  type  of  cenerator.  whieh  can  develop  RM  hone-power  on  lS"il« ' 
dimoDBiooa,  over  all,  and  5  hurae-power  on  H"iM"  dimensions. 

ing  arch,  both  legs  of  which  are  cast  in  one  piece  with  it  at  oppo- 
site sides.  This  water  arch  makes  the  circulation  complete  along 
natural  lines.  The  water  tubes  are  connected  to  the  trunk  tube 
three  deep  and  staggered.  The  connections  are  made  by  gun 
metal  union  nuts,  the  same  kind  of  joints  being  used  in  joining 
to  the  copper  steam  drum.     Each  row  of  tubes,  as  shown,  is 
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given  a  spiral  bend  around  nearly  one-third  of  the  circumference 
of  the  drum,  about  nine  inches  from  the  base  and  in  an  opposite 
direction  to  the  next  row,  so  that  complete  water  circulation  is  en- 
sured in  every  direction.  The  whole  structure  is  enveloped  in  an 
iron  sheath  and  packed,  and  heat  is  supplied  by  the  gas  burner 
described  later. 

The  Ofeldt  Tubular  Boiler. — Among  the  interesting  types  of 
tubular  carriage  boilers  may  be  mentioned  the  Ofeldt  generator, 
shown  in  the  accompanying  figures.  As  may  be  seen,  it  con- 
sists of  an  upright  steam  and  water  drum,  having  a  somewhat 


Fro.  ITS.— Top  view  of  the  Ofeldt  boiler,  showing  Ihe  feed-water  coil  ■urroundiDE  tbe 

enlarged  head,  which  serves  as  a  steam  chamber.  Around  this 
upright  drum,  and  connected  to  it  at  top  and  bottom,  are  eighteen 
spirally-twisted  steel  tubes,  which  are  directly  exposed  to  ihe 
heat  of  the  burner,  and  control  the  circulation  of  the  water.  The 
construction  of  these  steel  tubes  permits  considerable  expansion 
in  directions  sidcwise  of  the  boiler;  thus  preventing  the  natural 
lengthening  of  the  tubes  under  the  heat  of  the  burner  from  dis- 
turbing the  connections  at  top  and  base.  The  burner  of  this- 
boiler  consists  of  a  number  of  tubes,  starting  on  radii  from  a 
central  mixing  drum,  like  the  steam  and  water  drum  already 
described;  each  one  having  pin-hole  perforations  at  the  top  for 
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the  flame  and  being  closed  at  the  end.  The  vaporizing  coil 
passes  over  several  of  the  burner  tubes. 

As  shown  in  the  first  figure,  the  feed  water  pipe  is  coiled 
around  the  entire  generator,  from  top  to  base,  thus  ensuring  a 
thoroughly  heated  supply  of  water  in  the  central  drum.  The 
whole  structure  is  sheathed  in  a  sheet  steel  case. 

According  to  the  claims  of  the  inventor,  it  is  impossible  to 
burn  out  this  boiler,  owing  to  the  durability  of  the  material  and 
the  security  of  the  joints.  He  asserts  that  the  water  was  ex- 
hausted from  one  of  these  boilers  twenty  times  in  succes- 
sion, leaving  the  tubes  exposed  to  the  fierce  heat  of  the 
burner  until  red  hot.  Water  being  then  pumped  in,  no  leaks 
were  discovered,  and  steam  was  generated  as  usual.  If  these 
claims  can  be  made  good  in  practice,  such  a  boiler  should  be  use- 
ful in  steam  carriages,  where  every  possible  provision  must  be 
made  against  careless  or  incompetent  handling. 


,— Eleratlon  of  the  Ofeldt  Tubular  Boiler  Ercased  In  Sheathing,  showing 
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FLASH   STEAM   GENERATORS. 

Serpollet's  Flash  Boilers. — The  first  real  impulse  to  the  mod- 
ern steam  carriage  was  the  invention  by  Leon  Serpollet  in  1889 
of  the  famous  "instantaneous  generator,"  known  by  his  name. 
It  consisted  of  a  coil  of  one  and  one-half  inch  lap-welded  steel 
tubing  flattened  until  the  bore  was  of  "almost  capillary  width" — 
this  he  later  mcreased  to  about  one-eighth  inch — and  this,  sur- 


Bbowa,  bent  U^bape  and  a< 

rounded  by  a.  cast-iron  covering  to  protect  the  steel  from  corro- 
sion by  heat,  was  exposed  to  the  fire.  The  result  was  an  ex- 
tremely rapid  generation  of  steam,  the  coil  being  first  heated, 
and  the  water  being  vaporized  almost  as  soon  as  it  was  injected 
into  the  tube.  Later,  he  improved  the  efficiency  of  his  coil  by 
corrugating  its  surface.  With  ?uch  a  generator  of  108  square 
inches  of  heating  surface  more  than  one  boiler  horse  power  could 
be  developed,  the  average  hourly  evaporation  being  forty  pounds 
of  water.    The  usual  working  pressure  was  300  pounds  to  the 
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square  inch,  but  each  tube  could  bear  a  test  of  as  high  as  1,500 
pounds.  One  great  advantage  lay  in  the  fact  that  the  high  ve- 
locity acquired  by  the  steam  and  water  in  the  narrow  tube  served 
to  keep  the  surface  thoroughly  free  from  sediment  and  incrusta- 
tions. For  vehicles  requiring  an  additional  generative  power 
two  such  coils  were  used,  one  above  the  other,  the  water  being 
injected  into  the  lower  and  the  upper  one  serving  to  superheat 


Fio.  176.— Later  Form  of  the  SerpoUet  Flash  Generator,  coii8lstin|r  of  three  layers  of 
tubing.  The  four  lowest  tiers  shown  form  a  coil  into  which  the  feed  water  is  injected; 
the  second  series  of  six  tiers  are  arranged  "  zig-zag,**  like  the  nested  tubes  shown 
in  Fig.  175  ;  the  third,  or  topmost,  series  of  four  tiers  are  also  arranged  ^*  zig-zag,*^  but 
are  flattened  and  then  twisted  as  shown. 

the  Steam.  To  stop  the  engine  it  was  necessary  only  to  shut  off 
the  water  feed  pump,  with  the  result  of  stopping  the  generation 
of  steam  at  once. 

In  improved  boilers  of  the  SerpoUet  type  a  number  of  straight 
tubes  were  united  by  bent  joints  and  nested,  the  several  layers 
being  connected  in  series.  Moreover,  each  tube  length  was  flat- 
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tened,  so  as  to  form  a  U-shape,  or  crescent,  in  its  cross-section, 
which  arrangement  greatly  increased  its  evaporating  capacity. 
But  the  most  efficient  form  was  reached  in  the  design  shown  in 
Fig  176.  whidh  shows  three  superposed  sections  of  tubing;  the 
lowest,  four  tiers  of  coil ;  the  second,  six  tiers  of  "zig-zag,"  the 


Fio.  177.— Recent  Form  of  the  Serpollet  Flaah  Generator.  In  this  type  the  twisted  tubes 
are  placed  at  the  bottom  and  the  '*  zi|r-za^  "  nested  tubes  at  the  top.  The  reason 
for  this  arrangement  is  that  twisting  the  tubes  affords  a  much  larger  heating  sur- 
face ;  hence  these  tubes  are  directly  exposed  to  the  Are. 


successive  titrs  being  staggered,  as  shown;  the  third,  several 
tiers  of  flattened  tube  twisted  to  angles  of  about  forty-five  de- 
grees. The  water  is  fed  to  the  lowest  section,  which  is  immedi- 
ately exposed  to  the  fire,  being  thence  passed  to  the  second, 
whose  available  heating  surface  is  of  the  greatest  possible  dimen- 
sions, and  finally  delivered,  as  superheated  steam,  from  the  upper- 
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most  twisted  coils.  The  several  sections  of  tubing  are  connected 
together  in  series  by  bends  and  unions  outside  the  case,  as  shown, 
and  the  entire  generator  is  enclosed  in  a  double  sheet-iron  casing 
packed  with  asbestos.  By  the  arrangement  of  the  tubing,  as  here 
shown,  the  full  power  of  the  heater,  in  both  draught  and  radi- 
ated heat,  is  utilized,  as  in  the  type  of  boiler  shown  in  Fig.  123, 
but  the  circulation  of  the  water  is  perfectly  under  control  and 
rapid  generation  of  steam  assured.  For  a  six-horse  power  boiler 
of  this  type  the  outside  dimensions,  including  heater  space,  are 
about  2\  X  \\  feet,  the  total  tube  length,  ninety-five  feet,  and  the 
heating  surface,  about  twenty-five  square  feet;  giving  a  gener- 
ator of  convenient  size  for  a  four-seat  road  carriage. 

Of  Plash  Generators  in  General. — Following  along  the  lines 
of  SerpoUet's  famous  "flash"  generator,  with  its  numerous  ad- 
vantages in  point  of  quick  steam,  high  pressure  capacity,  free- 
dom from  scale  deposits,  and  complete  immunity  from  explo- 
sion, several  designers  of  steam  carriages  and  wagons  have  pro- 
duced improved  "boilers"  of  similar  description.  Serpollet's  first 
generator,  as  applied  to  his  light  steam  carriage  of  1889,  was 
merely  a  coil  of  flattened  tubing.  Later  two  such  coils,  con- 
nected in  series,  formed  his  generator,  and  finally  the  compli- 
cated trains  of  coils  and  bent  tubing.  In  the  latest  generators 
described  the  water  is  fed  to  the  lowest  tier  of  tubing,  and  the 
steam  is  taken  off  at  the  top,  as  in  the  several  types  of  coiled 
water-tubed  boilers,  already  described. 

The  contrary  procedure  is  followed  in  most  of  the  really  suc- 
cessful flash  generators  produced  by  other  inventors.  The  Blax- 
ton  generator  feeds  from  the  lowest  water  coil,  but  the  Simpson- 
Bodman,  White,  Automobile  Manufacturing  Co.,  and  others 
feed  from  the  top  and  superheat  the  steam  in  the  lowest  coils. 
This  seems  to  be  the  most  logical  process  for  this  type  of  gen- 
erator, since,  as  the  water  is  explosively  vaporized  by  contact 
with  the  heated  tubes,  it  follows  that  the  progress  should  be 
from  the  lowest  to  the  highest  temperature,  vaporizing  and  super- 
heating the  steam,  rather  than  allowing  it  to  foljow  a  course 
from  higher  to  lower  temperature,  with  the  accompanying  con- 
sequence of  loss  of  heat.  By  making  the  tubes  of  sufficient  ca- 
pacity to  vaporize  a  good  quantity  of  water,  surprisingly  high 
temperatures  may  be  obtained  in  a  short  time  and  high  power 
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engines  may  be  driven  with  perfectly  dry  steam.  In  these  par- 
ticulars the  flash  generator  is  superior  to  a  boiler  of  any  type, 
although  it  is  probable  that  its  use  for  light  carriage  purposes 
will  be  very  limited. 

The  White  Plash  ••  Boiler."— Among  the  light  steam  car- 
riages equipped  with  flash  generators  may  be  mentioned  those 
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Fio.  178.— Diagram  lUustrating  Arrangrement  of  tbe  Vaporizing  Coils  of  the  White  Flaah 
Generator,  Elevation.  The  water  is  fed  into  the  centre  of  the  top  coil,  flowing  all 
around  that  coil  and,  in  seriea^  through  every  other  coil  in  succession.  It  is 
"flashed**  into  steam  somewhere  above  the  lower  coils,  being  taken  off  from  the 
bottom  one.    The  steam  pipe  rises  to  the  t-op  of  the  generator,  as  shown. 


constructed  by  the  White  Sewing  Machine  Co.,  and  the  Auto- 
mobile Manufacturing  Co.,  the  latter  an  English  concern.  The 
White  generator  consists  of  twelve  superposed  plane  profile  coils 
of  quarter-inch  seamless  steel  tubing,  which  are  connected  con- 
tinuously from  top  to  bottom.    The  water,  under  impulse  from  a 
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plunger  pump  operated  from  the  crosshead  of  the  engine,  as  in 
most  steam  carriages,  enters  the  top  coil  at  the  centre  point, 
flowing  thence  around  the  tube  to  the  outer  extremity  of  the 
coil  and  over  again  to  the  centre  of  the  coil  next  below.  The 
same  connection  of  outer  and  centre  extremities  is  maintained 
throughout  the  entire  series  of  coils  until  the  bottom  one  is 
reached.  Here  the  connection  of  the  outer  extremity  is  to  the 
top  of  the  generator  case,  where  is  the  steam  out-take.  This 
arrangement  may  be  readily  understood  on  examining  the  dia- 
gram. 


Fio.  179.— Plan  of  the  White  Flash  Generator,  showing  top  coil,  with  water  and  steam 

pipeSf  also  connections  between  the  successiye  coils. 

The  water,  pumped  into  the  top  coil,  passes  entirely  around, 
and  thence  through  each  coil  continuously,  until  the  bottom  coil 
is  reached.  Somewhere  in  the  downward  travel  it  becomes  va- 
porized, and  by  the  time  it  emerges  from  the  last  coil  it  has  be- 
come superheated  steam.  The  amount  of  water  actually  fed  to 
the  coils  is  determined  by  a  diaphragm  regulator,  which  controls 
a  by-pass  valve,  operating  to  return  any  surplus  feed  to  the  tank. 
The  feed  is  thus  interrupted  when  the  pressure  falls — which  fact 
indicates  the  presence  of  too  much  water  in  the  tubes,  since  the 
amount  of  contained  water  and  the  total  pressure  per  square  inch 
are  in  inverse  proportion.  By  this  means  the  operation  of  the 
generator  may  be  maintained  automatically  at  a  uniform  point; 
its  output  efficiency  and  the  rapidity  of  steam  generation  being 
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dependent  on  the  amount  of  fuel  consumed  by  the  burner,  which 
fact  determines  the  heat  of  the  coils. 

The  pressure  is  indicated  by  an  ordinary  steam  gauge,  which 
shows  a  normal  working  pressure  of  200  pounds  per  square  inch, 
that  being  the  point  at  which  the  tension  of  the  regulator  spring 
is  adjusted.  The  safety  valve,  however,  is  adjusted  to  blow  off  at 
500  pounds,  a  pressure  which  the  coils  are  said  to  be  able  to 


Fto.  180.— Bectlonal  Elc-Tatlon  oT  the  Blaiton  Flash  Q«neratar. 

withstand.  Under  usual  conditions  of  operation  the  steam  may 
be  superheated  to  about  800  degrees.  As  in  all  flash  generators, 
no  water  is  fed  to  the  coils  when  the  engine  is  not  working,  and 
the  first  essential  act  in  starting  work  is  to  begin  feeding  by 
hand,  which  it  is  necessary  to  do  no  longer  than  to  provide  for 
the  generation  of  steam  tor  the  engine.  The  generator  is  of  the 
usual  size  of  light  carriage  boiler,  when  encased 'in  its  sheet  iron 
and  asbestos  packing  cover,  and  runs  a  6  horse-power  engine. 
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The  Blaxton  Flash  Generator.— The  Blaxton  generator,  al- 
though differing  in  several  important  particulars,  is  constructed 
on  the  same  general  theory,  consisting  of  a  number  of  super- 
posed plane-profile  coils  of  tubing,  through  which  the  water  is 
passed  in  series,  from  the  lowest  coil  to  the  top,  where  it  is  taken 
off  as  steam.  As  shown  in  the  figure,  the  water  fed  from  the 
pump  passes  direct  to  the  centre  of  the  lowest  coil,  thence  around 
to  the  outer  extremity,  and  to  the  centre  of  the  second  coil.  The 
connections  between  the  coils  of  tubing  are  made  by  nut  joints 
and  unions  outside  the  casing.  The  feed  water  is  pumped  in  by 
hand  until  sufficient  steam  to  operate  the  engine  is  obtained,  pre- 
cisely as  in  other  flash  generators. 

The  particularly  interesting  feature  of  the  Blaxton  generator 
is  the  device  employed  for  automatically  maintaining  the  con- 
sumption of  fuel  and  of  steam  at  one  ratio.  As  shown  in  the 
diagram,  the  fuel  oil  is  pumped  into  the  short  coil  placed  lowest 
in  the  case,  and,  being  vaporized  by  the  flame,  passes  around  to 
the  burner.  Directly  above,  and  nearly  touching,  the  burner  is 
a  vertical  tube,  closed  at  the  lower  end  and  containing  a  second 
somewhat  shorter  tube. 

The  water,  in  process  of  vaporization,  passes  from  the  outer 
extremity  of  one  of  the  coiled  elements  directly  into  the  inner  of 
these  two  tubes,  the  circulation  being  completed  when  it  passes 
up  between  the  inner  and  outer  tubes,  through  a  joint,  into  the 
centre  of  the  coil  next  above.  By  this  means  the  temperature, 
and  consequently  the  length,  of  the  outer  tube  is  regulated.  For, 
so  long  as  the  feeding  of  cold  water  continues,  the  water  or 
steam,  passing  through  this  tube,  absorbs  a  large  percentage  of 
its  heat,  thus  preventing  unusual  expansion  lengthwise,  but, 
when  the  supply  is  cut  off,  or  when,  from  any  cause,  the  heat  be- 
comes too  great,  the  tube  elongates,  and,  pressing  down  upon 
the  gland  of  the  burner,  closes  the  needle  valve  that  controls  the 
fuel  supply.  By  this  means  the  life  and  usefulness  of  the  gen- 
erator is  prolonged,  as  much  as  possible,  since  overheating  is 
prevented  by  the  constant  closing  of  the  fuel  feed  valve.  The 
Blaxton  generator  is  thus  rendered  more  highly  efficient  than 
most  of  the  average  "flash  boilers,"  whose  greatest  drawback  is 
the  constant  tendency  to  burn  out,  if  left  long  exposed  to  heat 
when  no  water  is  being  fed  to  the  coils. 

The  g^enerator  herewith  illustrated  measures  5  feet  9  inches  in 
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height  and  is  3  feet  square.  It  contains  126  square  feet  of  heat- 
ing surface,  has  a  normal  working  pressure  of  200  pounds  per 
square  inch,  and  can  propel  an  engine  of  25  horse-power.  This 
average  on  heating  surface  is  about  equivalent  to  that  of  a  good 
water-tube  boiler,  although  here  steaming  is  more  rapid. 

The  flash  generator  of  the  Automobile  Manufacturing  Co.,  al- 
though operating  on  precisely  similar  principles,  consists  of 
seven  pairs  of  spiral  tubes,  each  pair  connected  at  the  bottom  by 
suitable  socket  joints,  and  having  their  upper  ends  communi- 


le  Flaah  Generator  of  the  Auton 
IraUBhts:  BB,  fluxh  ti 


eating,  respectively,  with  the  water  and  steam  feed  pipes.  The 
eighth  pair  of  spiral  tubes  is  constructed  in  precisely  the  same 
manner,  but  being  intended  lor  vaporizing  the  fuel  oil,  has  the 
two  upper  ends  of  the  tubes  connecting,  respectively,  with  the 
oil  tank  and  the  burner.  Water  is  fed  to  the  top  of  one  of  the 
tubes  of  each  pair,  and,  being  vaporized  before  the  bottom  of  the 
tortuous  channel  is  reached,  is  given  off  as  superheated  steam 
at  the  top  of  the  opposite  tube.  As  may  be  readily  understood 
from  examination  o(  the  figure,  the  same  end  is  attained  with  the 
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use  of  such  Spiral  tubes,  as  by  a  number  of  superposed  coils.  The 
injected  water  is  exposed  to  an  extensive  surface,  heated  to  a 
high  temperature,  and  is  subjected  to  its  action  for  a  sufficiently 
long  period  to  become  thoroughly  vaporized  and  superheated. 
Each  such  double  tube  in  the  carriages  of  this  company  is  about 
24  feet,  which  gives  a  total  length  for  7  tubes  of  168  feet,  and 
with  a  |-inch  diameter,  a  total  heating  surface  of  about  126  feet. 

The  Slmpson-Bodman  Flash  Oenerator— The  Simpson-Bod- 
man  flash  generator  is  probably  the  best  known  after  that  of  Ser- 


I.  lffi.-pl«n  of  the  Y\aA  Oflnerator  of  t1 
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poUet,  although  its  use  on  motor  vehicles  is  confined  to  the 
heavy  tractors  and  lorries  built  by  the  firm.  Briefly,  it  consists 
of  a  number  of  tiers  of  bent  tubing  connected  in  series  with  the 
form  of  connector,  known  as  the  Haythorn  joint,  very  much 
after  the  manner  of  Serpollet's  later  generators.  Unlike  Serpol- 
let's  tubes,  however,  the  portions  here  exposed  to  heat  are  not 
flattened  or  twisted,  but  indented,  as  shown  in  an  accompanying 
figure,  after  the  manner  of  the  Rowe  tube,  so  called  from  the 
inventor  of  the  process.  The  tubes  are  also  of  larger  diameter 
and  thicker  walls  than  those  used  by  Serpollet,  and,  according 
to  the  claims  of  the  manufacturers,  can  withstand  a  test  pressure 
of  one  ton  (2,240  lbs.)  to  the  square  inch. 
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With  a  generator  of  this  description  consisting  of  twelve  two- 
legged  elements,  or  double  tubes,  each  leg  indented  through  a 
length  of  2  feet  6  inches,  3j-inch  pitch  of  indent — which  gives  a 
total  heating  surface  of  46  square  feet — and  a  grate  area  of  2} 
square  feet,  an  efficient  temperature  of  400  degrees,  Fahrenheit, 
has  been  obtained  in  25  minutes  from  kindling  the  fire,  and  a 
working  pressure  of  at  least  250  pounds  per  square  inch  in  30 
minutes.    In  fact,  it  is  necessary,  with  this  generator,  to  provide 


Fio.  188.— Sectional  Elevation  of  one  Form  of  the  Slmpflon-Bodman  Flash  Generator  and 
Casing-,  showing  the  steam  drum  at  the  ri^ht  top  of  the  caamg,  through  which  the 
feed  water  is  pumped  to  the  indented  *' Row  *' tubes,  bent  double,  arranged  *  zig- 
zag ''  and  nested,  like  the  tubes  of  the  Serpollet  generator  shown  in  Figs.  176, 176.  Xrt. 
The  connections  between  the  tubes  outside  the  casing  are  by  U-connectors  and  Hay< 
thorn  joints. 

against  too  high  a  temperature  of  steam — it  is  not  unusual  under 
running  conditions  that  it  reach  a  temperature  of  i,ooo  degrees, 
Fahrenheit,  which  would,  of  course,  decompose  the  lubricating 
oil,  if  admitted  to  the  cylinder.  Consequently,  an  essential 
feature  of  construction  is  the  steam  drum,  which  is  an  elon- 
gated cylinder  containing  one  or  two  U-shaped  tubes.  The  steam 
is  let  into  this  drum,  and  the  feed  water  on  its  way  to  the  tof 
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coil,  passes  through  the  U-shaped  tubes,  thereby  absorbing  a 
goodly  proponion  of  the  superfluous  heat.  On  leaving  the  drum, 
therefore,  the  steam  has  reached  a  temperature  sufficiently  low 
to  be  fed  to  the  engine. 

Instead  of  using  any  device  for  regulating  the  heat,  or  open- 
ing the  by-pass  valve,  a  back-pressure  valve  is  fixed  on  the  feed 
pipe  between  the  by-pass  and  the  generator,  which,  it  is  said, 


'lo.  IM.— Length  of  "Row  "  tube,  such  uleusedon  the  Slmpaoa.Bodman  generator  for 

produclne  ao  enlarged  heating  surfBce.    This  cut  BboWB  the  manner  or  making  the 
Indentations. 


Fia.  UE.— DlaKram  al  the  BaTtboi 


furnishes  a  much  more  economical  means  of  dealing  with  over- 
supply  of  water  than  that  of  returning  it  to  the  tank.  The  steam 
is  allowed  to  collect  in  the  drum,  and  superfluous  pressure  is  re- 
lieved by  an  ordinary  safety  valve  loaded  fairly  high.  This  in- 
sures a  ready  supply  of  steam  on  hand  to  start  the  engine,  instead 
of  resorting  to  the  usual  method  of  pumping  in  water  with  a 
hand  pump. 


CHAPTER    FIFTEEN. 

BOILER   FEEDERS   AND   WATER   LEVEL   REGULATORS. 

Of  Boiler  Feeders  in  Qeneral. — There  are  two  different 
kind's  of  device  for  feeding  water  to  steam  boilers :  plunger 
pumps  operated  by  the  engine  or  by  a  separate  cylinder;  and 
injectors,  which  raise  and  feed  the  water  by  a  steam  jet  from  the 
boiler  itself.  Injectors  are  largely  used  for  locomotive,  marine 
and  stationary  boilers,  but  to  the  present  time  almost  not  at  all 
in  steam  road  carriages.  The  principal  reason  for  this  is  that  the 
valves  and  apertures  in  an  injector,  suited  for  a  light  carriage 
boiler,  would  have  to  be  made  so  small  that  -they  would  be  con- 
stantly clogged  with  dirt  and  sediment,  hence  rendering  the  in- 
strument inoperative.  Furthermore,  when  in  operation,  an  in- 
jector would  be  liable  to  fill  the  boiler  too  rapidly,  while  the  pres- 
sure remained  sufficient  to  raise  the  water,  thus  causing  priming; 
and,  if  shut  off  until  the  water  level  had  fallen  considerably, 
would  cause  damage  to  the  boiler  by  flooding  it,  while  in  an 
overheated  condition.  One  or  two  successful  steam  carriages, 
as,  for  example,  the  McKay  carriage,  use  an  injector  as  supple- 
mentary to  the  plunger  pump,  which,  as  in  many  other  carriages, 
is  operated  from  the  crosshead  of  the  engine.  It  is  used,  how- 
ever, only  when  the  plunger  pump  is  disabled  and  cannot  supply 
enough  water,  or  when  it  is  desirable  to  replenish  the  water  tank 
from  some  wayside  source.  If,  as  has  been  occasionally  sug- 
gested, an  injector  of  sufficient  proportions  to  be  proof  against 
most  small  obstructions  be  used,  in  connection  with  some  kind 
of  automatic  device  for  opening  the  by-pass  valve  back  to  the 
water  tank,  whenever  necessary,  a  larger  amount  of  steam  would 
probably  be  required  to  operate  it  than  could  be  very  well  spared. 
These  are  a  few  reasons  why  injectors  on  small  carriage  boilers 
are  very  undesirable. 

The  Injector:  Its  Theory  and  Operation. — ^The  theory  and 
operation  of  the  boiler  feed-water  injector  may  be  understood 
from  the  familiar  diagram  shown  in  an  accompanying  figure. 
Here,  as  may  be  seen,  steam  from  the  boiler,  A,  is  let  through 
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the  pipe,  B,  into  a  closed  nozzle,  E,  communicating  with  a  water 
tank  by  a  siphon  tube,  C.  causing  the  air  to  be  exhausted  in  C, 
and  the  water  to  rise  into  £.  By  the  same  impulse  the  water 
thus  raised  is  forced  through  the  tube,  F,  into  the  boiler,  so  long 
as  the  cock,  Q,  remains  open.  When  It  is  closed,  the  steam 
should  find  an  outlet  only  through  the  pipe,  C,  into  the  water 
tank  below.  On  this  general  plan  a  great  variety  of  injectors  has 
been  based,  some  of  them,  particularly  such  as  are  used  on  rail- 
road locomotives,  being  very  complicated  in  construction.  A 
fairly  typical  variety  of  injector,  shown  herewith,  may  be  readily 
understood  from  the  foregoing  description.  Here,  M  is  the  stem 
of  the  steam  valve,  which  is  controlled  by  the  handle,  K,  so  that 


the  amount  of  steam  used  may  be  controlled,  as  desired.  The 
water  entering  at  the  opposite  side,  as  shown,  is  forced  by  the 
steam  passing  through  the  nozzle,  S,  into  the  tube,  V,  going 
thence  through  the  tube,  CD,  to  the  boiler.  The  steam,  given  off 
during  the  passage  of  the  water  through  V,  C  and  D,  escapes 
through  the  .overflow  valve,  P.  around  the  body  of  the  instru- 
ment and  out,  as  shown  by  the  arrow.  If  now,  valves  in  the  pipes 
leading  to  the  boiler  and  the  overflow  be  closed,  the  steam  enter- 
ing through  5"  finds  an  outlet  only  through  the  water-feed  pipe, 
being  thus  forced  into  the  water  tank,  as  is  often  done  for  the 
purpose  of  thawing  it  out  in  cold  weather. 
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Plunger  Pumps  and  By-Pass  Valves. — As  above  stated,  the 
plunger  pumps  used  to  feed  steam  carriage  boilers  are  most 
often  operated  from  the  cross-head  of  the  engine.  Consequently, 
so  long  as  the  engine  is  in  motion,  water  is  steadily  pumped  into 
the  boiler.  When,  as  shown  by  the  water  glass,  the  level  is  too 
high,  the  by-pass  valve  may  be  opened,  and  the  water  pumped 
from  and  hack  again  to  the  tank.  In  some  carriages  the  by-pass 
is  always  operated  by  hand ;  in  others  it  is  controlled  by  some 
kind  of  automatic  arrangement,  such  as  will  presently  be  de- 


Kio.  187.— ConBtruclion  otooe  Type  of  Injector.  S,  stcnm  jpt:  V.  pucilon  jet;  C-D,  com- 
bining and  delJyery  tube;  B,  rlne  or  amilinry  elieck;  V.  overUow  »iive;  O,  Bt«am 
plug:  M,»tettmv»lve«ndMBni;  N,  packing  nul;  K,  strain  rtUve  handle:  I,  overflew 


scribed.  The  automatic  control  of  the  by-pass  is  extremely  de- 
sirable, particularly  since  unskilled  engineers  most  often  have 
charge  of  carriages  and  are  exceeedingly  liable  to  forget  the 
small  details  of  management.  On  the  other  hand,  many  auto- 
matic devices  get  out  of  order  altogelher  too  easily,  and  leave 
the  carriage  driver  to  exercise  his  skill  and  judgment  at  an  un- 
expected moment. 

In  addition  to  the  danger  of  flooding  the  boiler,  the  opposite 
embarrassment  often  occurs — owing  to  sonic  disarrangement, the 
pump  may  fail  to  feed  enough  water  to  the  boiler,  or  may  not 
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Operate  at  ail.  Then  it  is  necessary  to  use  a  supplementary 
feeder,  which  is  either  a  hand  pump,  an  injector,  as  used  on  the 
McKay  carriage,  or  a  steam  pump  operated  by  a  separate  cylin- 
der, as  in  the  Victor  carriage,  about  to  be  described.  Such 
supplementary  steam  pumps  and  injectors  are  commonly  ar- 
ranged to  start  automatically,  as  required,  but  may  also  be  started 
by  a  hand-controlled  valve.  Another  advantage  involved  in  the 
use  of  automatically  controlled  steam  pumps  is  that  water  may 
be  fed,  as  required,  to  the  boiler,  after  the  engine  has  ceased 
motion,  and  it  is  desirable  to  leave  the  carriage  standing  with 
steam  up.  In  this  condition,  however,  a  very  small  amount  of 
water  is  needed,  except  under  unusual  conditions. 


Tio.  18§.— Section  of  a.  Type  of  Pluneer  Feed  Pump.    A«  to  obvloito,  th«  T«lTe  opened  by 
auction  or  the  upstrote  Is  cInBed  by  compreuiian  of  the  down-stroke,  and  cice  nrni. 

Item  of  the  suution  viilve  enters  a.  bore  In  tiie  stem  of  the  outlet  valve     BeferriUK 
S!ui?»lve  cbamber;  K,  water  outlet  valve;  L.  wateV  Inlet  valve. 

Operating  the  By-Pass  Valve. — In  several  well-known  makes 
of  steam  carriage  the  driver  is  required  to  constantly  watch  the 
water  glass  in  order  to  inform  himself  as  to  the  water  level  in  the 
boiler.  On  noticing  that  the  level  is  too  high,  or  is  rising  too 
rapidly — the  proper  level  is  generally  about  two-thirds  up  the 
glass — he  opens  the  by-pass  valve  by  turning  a  small-wheel 
placed  near  the  throttle  lever  beside  his  seat.    This  act,  as  already 
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suggested,  turns  llic  water  forced  liy  the  pump  back  again  into 
the  feed  tank,  a  tlirce-way  cock  controlling  its  travel.  It  would 
be  highly  undesirable  to  further  complicate  the  machinery  and 
the  difficulty  of  operating  the  carriage  by  any  device  for  dis- 
connecting the  pump  under  such  conditions,  as  it  is  likely  that,  in 
the  majority  of  cases,  trouble  would  result.  The  simple  turn  of  a 
valve  wheel  relieves  the  boiler  without  interfering  with  the 
delicately  constructed  mechanism. 

If.  after  the  water  has  been  led  from  the  boiler  tor  some  time, 
the  level  begins  to  sink,  it  is  necessary  only  to  close  the  by-pass 
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valve,  thus  resuming  the  feed.  It,  from  any  cause,  the  pump 
seems  unable  to  keep  up  the  water  level  in  the  boiler,  and  the 
reading  of  the  water  glass  is  verified  by  the  try-cocks,  thus  show- 
ing that  it  is  working  perfectly  and  is  unclogged  with  sediment. 
a  few  strokes  of  the  auxiliary  hand  pump  will  suffice,  if  no  injec- 
tor or  automatic  steam  pump  be  attached  to  the  carriage. 

Troubles  With  the  Pump. — Since  the  small  water  pumps 
attached  to  steam  carriages  arc  of  the  simple  plunger  type,  such 
as  is  used  on  fire  engines,  failure  to  supply  sufficient  water  to  the 


BOILER  FEEDERS  AND  REGULATOSS.  217 

boiler  may  j;cnera1Iy  be  attributed  to  loosened  packings  or  to 
clopgcd  check  valves.  Tlie  rapid  sinking  of  the  level  in  the 
water  glass  will  indicate  trouble  with  the  pump,  except  when 
ascending  a  high  hill.  In  the  latter  case  the  fall  of  level  may 
reasonably  be  attributed  to  the  unusual  steam  consumption. 
Under  usual  circumstances,  the  trouble  is  due  to  loosened  pack- 
ings, and  this  trouble  may  be  remedied  by  inserting  new  pack- 
ings, although  particular  care  should  be  exercised,  so  as  not  to 
pack  the  plunger  too  tightly  and  cause  breakage.  If  it  seems 
evident  that  the  falling  water  level  is  due  to  clogged  check  valves 
— this  is  a  comparatively  rare  occurrence — the  fire  should  at  once 
be  extinguished  and  the  check  valves  opened  and  cleaned. 


-^The  Kmo^  AotomMlo  Ww 
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Automatic  By-Pass  Valves:  The  Keene  Valve.— One  of 
the  most  ingenious  things  in  the  way  of  an  automatic  control  for 
the  by-pass  valve  is  the  device  formerly  used  in  the  Keene  steam 
carriage,  which  is  shown  in  section  herewith.  It  is,  briefly,  a 
cylindrical  vessel,  communicating  at  the  bottom  with  the  water 
space  and  at  the  top  with  the  steam  space  of  the  boiler,  after  the 
manner  of  the  glass  gauge,  already  described.*  Within  this 
cylinder  is  a  hollow  metal  ball,  which,  floating  on  the  surface  of 
the  water,  rises  and  falls  with  it.  and  when  at  a  level  unusually 
low  or  unusually  high  actuating  one  or  another  of  two  pairs  of 
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finger  contacts,  as  shown.  When  the  water  level  is  too  high  the 
ball  rises,  and,  moving  the  upper  finger,  operates  a  lever  to  open 
the  by-pass  valve,  thus  shutting  the  water  inflow  from  (he  boiler. 
When,  on  the  other  hand,  the  water  level  sinks  unduly,  the  bail 
presses  down  the  lower  finger  lever,  thus  shutting  off  the  gaso- 
line supply  from  the  burner. 

Such  a  device  should  be  a  very  efficient  protective  to  the  boiler 
so  long  as  the  hollow  metal  sphere  did  not  leak,  but  it  must  be 
carefully  constructed,  so  as  to  avoid  the  disarrangements  and 
premature  operation  in  ascending  steep  grades,  which  is  a  fertile 
source  of  trouble  with  some  makes  of  low  water  alarm  using 
hollow  metal  floats.  It  was  probably  some  such  troubles  as  these 
that  led  to  its  disuse. 
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The  Thermostat  Regulator. — The  Bullard  thermostat  regu- 
lator used  on  the  Victor  carriage  is  quite  as  effective  as  the  de- 
vice just  described,  and  probably  considerably  more  durable.  It 
consists  of  a  tube  bent  U-shaped,  and  laid  on  its  side,  one  end  of 
it  being  in  communication  with  the  steam  space  of  the  boiler,  the 
other  with  the  water  space,  just  below  the  normal  water  level. 
When  the  water  in  the  boiler  is  at  the  proper  level  the  lower  half 
of  the  tube  is  filled  with  water  to  the  bend.  When  the  water 
level  in  the  boiler  falls,  the  U-tube  is,  of  course,  filled  with  steam 
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throughout  its  entire  length,  which  fact  involves  that  it  lengthen 
slightly  under  the  influence  of  the  heat.  On  the  restoration  of 
the  proper  level  in  the  boiler  the  effect  of  contraction  of  the  tube 
is  assured  by  a  water  jacket  on  its  lower  leg,  consisting  of  a  sec- 
tion of  the  feed-water  tube  between  the  water  tank  and  the  pump. 
The  alternate  lengthenings  and  shortenings  of  the  tube,  under 
variations  of  temperature,  are  efficient  in  actuating  a  lever, 
geared  to  an  arm  secured  at  the  bend  on  the  upper  leg  to  the  U- 
tube,  thus  effecting  the  closing  or  opening  of  the  by-pass  valve, 
and  regulating  the  feed  supply  to  the  boiler.  The  movement  of 
the  lever  under  this  pressure  is  only  about  i-j6  inch  in  either 
direction,  but  by  virtue  of  a  spring  connection  at  the  by-pass  it  is 
increased  about  four  times  Q  inch),  which  is  a  movement  amply 
sufficient  for  operating  the  valve. 

This  device  is  at  once  simple  and  comparatively  certain  in  oper- 
ation, depending  entirely  upon  the  physical  properties  of  the 
metal,  which  cause  it  to  expand  under  heat  and  contract  with  a 
lower  temperature.  Several  steam  carriages  use  thermostat 
regulators  to  control  the  by-pass  as  well  as  to  regulate  the  sup- 
ply of  liquid  gasoline  to  the  burner.  A  very  interesting  example 
of  the  latter  type  will  be  described  in  the  chapter  on  burners.  As 
seen  already  in  the  Blaxton  flash  generator  a  tube  arranged  to 
vary  in  length  with  the  "dry"  temperature  is  used  to  regulate  the 
supply  of  oil  in  the  burner. 

Gravity  Boiler  Feeder. — ^An  interesting  device  for  main- 
taining proper  water  level  in  a  boiler  by  means  of 
gravity  is  found  in  the  King  boiler  feeder  shown  in 
accompanying  diagrams.  This  machine,  which  has  been  in 
actual  use  on  a  steam  carriage,  is  contrived  so  as  to  dis- 
pense entirely  with  the  plunger  pump  and  all  the  valves  and  at- 
tachments necessarily  used  with  it.  Briefly,  it  consists,  as  shown, 
of  a  slightly  tapering  cylindrical  shell,  within  which  fits,  water- 
tight, a  similarly  shaped  chamber,  the  latter  being  rocked  or 
turned  by  a  lever,  which  is  attached  to  a  stem  passing  through  a 
stuffing  box  at  one  end  of  the  shell.  This  lever,  or  arm,  is  geared 
to  a  link  bar,  which  transmits  motion  from  the  engine,  so  that  the 
rocking  movement  or  half  rotation  of  the  chamber  is  constantly 
maintained.  Further,  the  outer  shell  has  four  openings,  as 
shown ;  one  to  admit  the  feed  water,  flowing  by  gravity  from  the 
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tank ;  the  second  to  admit  steam  from  the  boiler ;  the  third  com- 
municating with  the  water  space  ol  the  boiler ;  and  a  fourth  fitted 
with  a  check  valve  opening  to  the  atmosphere.  The  inner  cham- 
ber has  at  least  three  ports,  or  openings,  so  arranged  as  to  ac- 
complish the  functions  about  to  be  described. 

When  the  link  and  lever  have  brought  the  inner  chamber  into 
the  position  shown  in  the  cuts,  water  flows  by  gravity  from  the 
tank  through  the  tube  connections  at  the  top  of  the  shell,  com- 
pletely filling  the  chamber.  At  the  same  time  any  air  or  steam 
in  the  chamber  is  let  out  throug'h  the  ball  check  valve,  also  at  the 
top  of  the  shell.  A  half  turn  of  the  lever  then  brings  the  ports 
into  communication  with  the  steam  and  water  spaces  of  tlw  boiler, 
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allowing  such  water  as  may  be  needed  to  restore  the  proper  level 
to  flow  in,  under  steam  pressure  and  gravity.  These  operations 
are  continuously  repeated,  and,  so  long  as  the  supply  of  water  in 
the  tank  is  maintained,  the  level  in  the  boiler  is  not  allowed  to 
tall.  If  the  feeder  is  of  sufficient  size,  and  is  placed  at  such  a  level 
as  will  involve  that  the  water  level  in  the  boiler  is  lower  than  the 
highest  point  of  the  chamber  and  higher  than  the  lowest  point, 
the  end  of  securing  a  steady  feed  will  be  attained. 

The  diagrams  show  that  the  supply  pipe,  between  the  outer 
shell  of  the  feeder  and  the  water  space  of  the  boiler,  drops  below 
the  point  where  it  enters  the  boiler.  This  is  an  essential  feature 
of  the  mechanism,  and  is  intended  to  prevent  the  transmission  of 
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an  excessive  degree  of  heat  from  the  boiler  to  the  feeder  cham- 
ber. The  temperature  of  the  water  within  the  chamber  should 
always  be  maintained  well  below  the  evaporating  point  in  order 
to  avoid  such  back  pressure  as  would  neutralize  the  very  ends 
desired. 

If  such  a  machine  as  this  be  of  proper  proportions  for  the 
boiler  it  is  designed  to  feed,  and  its  position  relative  to  the  water 
level  be  adjusted,  there  should  be  no  excessive  waste  of  steam 
nor  any  great  danger  of  injecting  lubricating  oil  with  the  feed 
water.  Its  simplicity  is  a  point  in  its  favor,  but,  like  all  small 
slide  valve  devices,  it  would  be  rapidly  disabled  should  it  be 
allowed  to  grind  very  much. 

Merits  of  Qravity  Boiler  Feeders. — As  a  general  rule,  it  may 
be  asserted,  devices  for  feeding  a  boiler  by  gravity  are  unsuitable 
for  steam  carriages  on  account  of  the  amount  of  vertical  space 
necessarily  occupied.  Where  it  is  possible  to  use  some  siphon 
arrangement  there  must  be  constant  trouble  and  uncertainty,  as 
the  tank  level  sinks.  Among  the  numerous  objectionable  gravity 
feed  devices  for  steam  vehicles,  we  may  mention  a  recently 
patented  invention  which  proposes  to  suspend  the  feed  tank  on 
springs  capable  of  contracting  and  raising  it  as  the  water  level 
sinks.  It  also  specifies  a  cork  float  in  the  feed  tank  above  which 
steam  is  admitted  from  the  boiler,  in  order  to  assist  the  work  of 
maintaining  the  water  level  through  another  tube  at  the  bottom, 
communicating  with  the  water  space  of  the  boiler,  while,  at  the 
same  time,  preventing  the  cool  tank  water  from  interfering  with 
the  generation  of  a  proper  pressure  in  the  boiler.  Such  a  device 
would  involve  considerable  waste  of  steam  in  a  small  boiler,  and 
would  be  uncertain  in  operation  under  the  vibrations  of  travel. 

Plash  Boiler  Feeders :  The  Serpollet  System. — The  feeding 
apparatus  for  shell  and  water  tube  boilers  is  to  be  adjusted, 
either  automatically  or  by  hand,  solely  with  reference  to  the 
maintenance  of  a  proper  water  level.  Thus,  by  far  the  greater 
number  of  automatic  regulating  devices  depend  for  their  opera- 
tion on  gravity  or  on  some  arrangement  of  floats  within  a  closed 
chamber.  Some  moderately  typical  devices  have  been  described 
to  give  the  reader  a  good  idea  of  the  general  problems  involved 
in  such  constructions.     With  the  feeding  of  flash  generators, 
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however,  the  operation  of  automatic  devices  depends  solely  upon 
maintaining  a  certain  predetermined  pressure  and  temperature, 
which  are  properly  in  ratio  to  the  quantity  of  water  being  vapor- 
ized in  the  lubes,  as  is  not  necessarily  the  case  with  generators  of 
other  types.  It  is  possible,  therefore,  to  maintain  the  feed  at  the 
proper  rate  and  quantity  by  automatic  pressure  regulators,  such 
as  are  used  in  connection  with  steam  carriage  burners,  or  else 
by  some  system  of  uniform  regulatiot]  for  fuel  and  water  pumps. 


Tm.  1B4.— The  SeipoUet  Water  uid  Fuel  Feed  Sfstem.    The  method  of  baDElQg  the 
stepped  cam  coDtrolUng  the  pump  airokee  tn&y  be  here  uodentood. 

The  latter  theory  is  adopted  in  the  Gardner-SerpoUet  system 
of  fuel  and  water  feeding  for  their  flash  generator,  already  de- 
scribed. As  shown  in  the  diagram,  the  fuel  is  fed  to  the  burner, 
and  the  water  to  the  boiler,  through  pumps,  both  of  which  are 
operated  from  the  same  shaft.  The  fuel  pump  is  smaller  than  the 
water  pump  and  its  stroke  is  also  shorter,  as  is  obviously  neces- 
sary, but  as  is  evident  from  the  diagram  of  the  pump  connections. 
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also  shown,  its  stroke  would  always  be  in  the  same  proportion  to 
that  of  the  water  pump,  if  by  any  means  the  stroke  of  the  vibrat- 
ing lever,  to  which  both  pistons  are  connected,  could  be  varied. 
This  end  is,  in  fact,  accomplished  by  the  use  of  a  stepped  cam, 
consisting  of  a  row  of  eccentric  discs,  of  varying  eccentricity, 
which,  placed  upon  the  rotating  shaft,  may  be  slid  in  either  direc- 
tion, thus  varying  the  lift  and  drop  of  the  lever  bearing  the  roller 
shown,  and  actuating  the  first  lever  through  the  link  bar  con- 
necting the  two.    By  shifting  the  cam  inward  toward  the  driving 


Fio.  106.— 8erpoIlet*8  Fuel  and  Water  Pumps.  The  water  pump«  a,  and  the  fuel  pump,  6, 
are  operated  from  the  lever,  c.  This  is  flriven  an  up-and-down  movement  by  the  unk, 
rf,  whose  stroke  is  varied  by  the  stepped  cam,  /,  on  which  bears  the  roller,  e,  on  the 
rod  pivoted  at  i.  The  rotary  movement  of  the  cam  shaft,  g,  is  imparted  by  the  spur 
wheel,  h. 

spur  the  strokes  of  both  oil  and  water  pumps  may  be  varied  from 
zero  to  maximum;  the  cam  surface  being  efficient  in  giving  a 
greater  or  shorter  inward  stroke,  and  in  permitting  an  outward 
stroke  of  equal  length  under  stress  of  the  spiral  spring  attached 
below  the  pump  operating  lever. 

The  liquid  fuel  and  the  water,  being  thus  varied  in  the  amounts 
given  forth  by  the  pumps,  are  forced,  the  one  into  the  vaporizing 
tube,  shown  as  passing  over  the  burner,  the  other  into  the 
flattened  and  nested  tubes  of  the  generator,  which  are  directly 
exposed  to  the  heat  of  the  flame.  By  this  means  the  heat  is  in- 
creased in  ratio  with  the  quantity  of  water  injected,  and  the 
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working  pressure  may  be  regulated  to  any  desired  limit.  When, 
however,  the  pressure  has  risen  above  a  certain  fixed  point — it  is 
generally  fixed  at  about  355  pounds  per  square  inch — it  is  able  to 
open  the  spring  safety  valve,  shown  attached  to  the  steam  pipe, 
thus  also  opening  the  by-pass,  so  that  the  water  from  the  feed 
pump  is  thrown  back  into  the  tank.  The  water  from  the  pump 
may  be  forced  through  the  spring  valve,  instead  of  into  the 
generator,  by  the  closing  of  a  check  valve  at  P,  under  steam 
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pressure.  The  connections  may  be  readily  understood  from  the 
diagram,  which  also  shows  a  hand  operated  pump  for  making  the 
initial  injection  of  water  into  the  generator  tubes  previous  to 
starting  the  engine. 

The  White  Flash  Boiler  Feed  SyAtem.—The  water-feed 
system  of  the  White  steam  carriajfc  flash  generator  is  based  on 
a  different  theory,  although  llic  by-pass  valve  is  controlled  by  a 
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spring  and  pressure  device,  as  with  Serpollet.  The  details  of  the 
system  may  be  understood  from  the  accompanying  diagrams, 
which  exhibit  all  the  essential  features.  A  plunger  pump,  A, 
operated  by  a  pivoted  lever  from  the  crosshead  of  the  engine,  B, 
forces  water  from  the  tank,  C,  through  the  pipe,  D,  which,  how- 


id  Remilalorof  the  White  Steam  CarrUEe, 

riiitgiliniem./.  and  the  IkaiI,  il.    Whea  it* 
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vat^rfed  by  tiie  puoip  over  the  pipe,  BI,1o  enter  &t  the  pi>r1,  m,  aaii  circulate  thence 
through  vajve,  ii.  chauber,  a,  pnri ,  J.  aail  over  the  pipes,  J  EN,  back  a>nJn  to  the 
pump,  A.  The  vatre  rod,  e,  ahoulil  have  a  greater  clearance  than  is  shown  in  thiacut. 

ever,  divides  into  two  branches  at  the  point,  £,  one  portion  of  the 
water  being  forced  by  the  pump  through  the  pipe,  f ,  to  the  coils 
of  the  generator,  G.  The  pipe,  /■",  has  ibe  air-chamber,  H,  lo- 
cated, as  shown,  between  the  pump  and  the  steam  generator.  An- 
other portion  of  the  water  coming  through  the  pipe,  D,  passes 
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through  the  pipe,  /,  which  communicates  with  the  lower  cham- 
ber of  the  pressure  regulator,  K^  to  be  described  later.  Since  the 
regulator,  Ky  is  operated  only  when  the  steam  pressure  has 
reached  a  certain  predetermined  point,  when  the  by-pass  valve  is 
opened,  the  pipes,  F  and  /,  are  not  in  communication  so  long  as 
the  pump.  A,  operates  to  feed  water  to  the  coils  of  the  gener- 
ator, G. 

The  regulator,  if,  is  constructed  and  operated  as  shown  in  an 
accompanying  diagram.  It  consists  of  two  chambers,  a  and  6, 
which  are  put  into  communication  on  the  opening  of  the  valve, 
c,  normally  closed  by  the  spiral  spring,  d.  The  rod  carrrying  the 
valve,  Cy  is  attached  at  its  opposite  end  to  the  head,  ^,  which  bears 
against  the  metal  diaphragm,  /",  held  between  the  casing  of  o  and 
h  and  the  cap,  g.  The  operation  is  obvious.  The  port,  /,  shown 
just  above  the  diaphragm,  f,  is  connected  direct  to  the  generator 
by  the  pipe,  L,  When,  therefore,  the  steam  pressure  has  risen 
above  a  certain  predetermined  point,  which  means  that  a  greater 
force  is  exerted  on  the  upper  face  of  the  diaphragm,  fy  than 
comes  through  the  head,  e,  from  the  spring,  d,  the  valve,  c,  is 
opened,  making  free  communication  between  the  chambers,  a 
and  h.  Since,  now,  the  ports,  ;  and  w,  are  on  the  pipes,  /  and  M , 
which  are  connected  in  the  system,  as  shown,  the  opening  of  the 
valve,  C,  means  that  the  water  circulation  from  the  pump,  A,  is 
through  the  pipes,  F,  M,J,N\  all  water  being  shut  from  the  coils 
of  the  generator  by  steam  pressure  at  the  check  valve,  0.  So 
soon  soever  as  the  steam  pressure  again  falls  to  normal,  the  valve, 
c,  is  closed  by  the  spring,  rf,  and  the  check  valve,  0,  in  F  is 
again  opened,  admitting  water  to  the  coils  of  the  generator  under 
pump  pressure. 

In  connection  with  this  system  of  controlling  the  boiler  feed, 
there  is  a  thermostat  regulator,  shown  at  P  Q,  for  varying  the 
amount  of  gasoline  fuel  fed  to  the  burner,  or  cutting  it  off  en- 
tirely. This,  however,  will  be  explained  in  the  chapter  on 
burners  and  fuel  feed  regulators. 

The  "Victor**  Steam  Air  and  Water  Pumps.— The  auto- 
matic auxiliary  feed  pumps  used  on  the  "Victor"  carriage  and 
shown  in  section  in  the  accompanyinj^^  illustration  are  opcratcvl 
on  a  principle  which  has  already  been  applied  to  the  steam  air 
pumps  used  in  connection  with  the  Westinghouse  air  brake  on 
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many  American  railroad  locomotives.  As  will  be  seen  in  the 
illustration,  two  such  automatic  pumps  are  used  on  this  carriage, 
the  one  being  intended  as  an  auxiliary  feed  pump  for  the  boiler, 
to  be  used  in  case  the  regular  feed  pump,  which  is  of  the  double- 
plunger  type,  being  geared  to  and  operated  from  the  rear  axle, 
should  from  any  cause  cease  to  operate.  The  other  pump  is 
used  for  maintaining  the  acquired  air  pressure  in  the  fuel  tank. 
The  steam  is  admitted  through  the  port  marked  "steam  inlet" 
in  the  accompanying  diagram ;  this  port  leads  into  an  elongated 


Fia.  an,— Sectional  View  orihcViJre  Million  and  Hochanixm  of  the  "Ttetor"Auii]iary 

chamber  running  the  full  length  of  the  cylinder,  and  o(  some- 
what enlarged  diameter  towards  the  top.  Within  it,  as  may  be 
seen,  is  a  vertical  rod,  carrying  a  piston  valve  at  either  ex- 
tremity. The  steam  on  entering,  of  course,  bears  against  these 
pistons,  and  since  the  upper  one  of  the  two  is  of  the  largest 
diameter,  it  forces  it  into  the  position  shown  in  the  cut,  thus 
opening  the  port  into  the  upper  end  of  the  cylinder,  and  forcing 
the  piston  downward.  The  downward  stroke  continues  until  a 
shoulder  at  the  lower  end  of  the  rod,  B,  strikes  the  nut  fixed 
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above  G,  opening  the  valve,  D,  Communication  is  thus  estab- 
lished between  the  valve  chest,  in  which  slides  the  double  piston 
rod.  Ay  and  the  space  above  the  piston,  C  Consequently,  steam  is 
admitted  above  this  piston,  which,  being  of  larger  diameter  than 
the  piston  below  it,  forces  it  and  the  valve  rod  downward,  thus 
opening  the  steam  port  into  the  bottom  of  the  cylinder,  and  so 
beginning  the  up-stroke  of  the  piston.  The  up-stroke  continues 
until  the  nut  above  piston,  G,  closes  valve,  D,  thus  cutting  oflF 
steam  from  the  space  above  the  piston,  C,  and  again  causing 
the  plunger  to  rise.  The  position  of  the  exhaust  valves  is  such 
that  they  are  covered  by  the  piston  valves  on  rod,  when  these 
are  in  position  to  open  the  inlets,  and  are  opened  again  as  soon 
as  the  inlets  are  closed,  thus  establishing  communication  with  the 
exhaust  chamber,  F.  The  operation  of  the  valves  of  the  pump 
is  obvious  and  requires  no  further  description. 

The  Moore  Steam  Pump  and  Valve  Motion. — ^The  Moore 
feed  pump,  which  has  been  widely  advertised  for  use  on  steam 
carriages,  differs  considerably  from  the  one  just  described,  al- 
though equally  ingenious  in  construction.  The  steam  cylinder, 
which  is  shown  in  section  in  an  accompanying  cut,  contains  a 
double-headed  piston,  B,  shaped  somewhat  like  a  spool.  Both 
heads  of  this  piston,  i?"  and  B^  slide  team  tight  within  the 
cylinder,  being  formed  with  suitable  packing  rings.  As  shown 
in  the  cut,  one  of  these  cylinder  heads,  B',  is  screwed  upon  the 
body  of  the  piston,  thus  permitting  its  removal  in  order  to  slide 
on  the  cylindrical  valve,  G,  which  is  similarly  shaped,  having  two 
heads,  G*  and  G',  also  formed  with  packing  rings,  fitting  against 
the  inner  surface  of  the  cylinder.  Within  the  body  of  the  piston, 
and  connecting  with  either  end  of  the  cylinder,  are  two  longi- 
tudinal channels,  g  and  A,  each  of  which  communicates  by  a 
port  through  the  circumference  of  the  piston  body.  As  shown 
in  the  separate  cut  of  the  piston,  there  is  also  a  port,  fe*,  which 
penetrates  clear  through  the  body  of  the  piston  and  is  in  com- 
munication with  the  hollow  piston  rod,  E.  In  the  cylindrical 
valve,  G,  there  are,  as  shown,  two  sets  of  ports,  c  and  d,  which 
communicate  respectively  with  the  annular  grooves,  e  and  L 
Around  the  inner  circumference  of  this  cylindrical  valve,  there 
is  also  another  annular  groove,  f,  several  times  wider  than  the 
other  two. 
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The  operation  of  this  mechanism  is  simple  and  eflfective.  The 
cut  shows  the  piston  in  progress  from  left  to  right,  the  steam 
being  admitted  into  the  cylinder  through  the  inlet  pipe,  F,  and 
the  two  ports,  a  and  fr,  flowing  thence  through  the  port  D,  the 
annular  groove,  f,  the  longitudinal  channel,  fc,  to  the  rear  of  the 
piston,  thus  causing  it  to  move  toward  the  right.  In  the  posi- 
tion shown  in  the  cut,  the  head,  G*,  screwed  on  the  extremity  of 
the  cylinder  valve,  G,  has  closed  the  steam  port,  A.  As  soon, 
however,  as  the  piston  has  reached  the  end  of  its  stroke,  and 
the  head,  fi*,  has  pressed  against  the  relief  groove,  o,  the  steam 
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Flo.  201.— Section  Bhowin^  the  Valvo  Motion  and  Mechanism  of  the  Moore  Steam  Pump 

U8c(i  on  some  Steam  Carriages. 

being  unable  to  force  the  piston  further,  acts  upon  the  sliding 
cylinder  valve,  causing  the  head,  G*,  to  move  away  from  the 
head,  B',  thus  opening  the  communication  for  the  return  stroke 
by  bringing  the  port,  r,  and  the  annular  groove,  r,  opposite  to 
the  longitudinal  channel,  g,  causing  steam  to  flow  to  the  right- 
hand  end  of  the  cylinder.  At  the  same  time,  the  annular 
groove,  1,  is  brought  opposite  to  the  opening  of  the  longitudinal 
groove,  A,  thus  establishing  communication  between  the  left- 
hand  end  of  the  cylinder  and  the  exhaust  port,  fe,  communicating 
through  the  hollow  piston  rod  to  the  rear  of  the  cylinder,  where 
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the  exhaust  is  taken  off.  The  cylinder  thus  constructed  is 
capable  of  high  speed  and  considerable  efficiency,  although,  like 
the  one  just  described,  it  operates  almost  altogether  at  boiler 
pressure,  allowing  the  steam  little  if  any  opportunity  to  expand. 
This  feature,  which  is  largely  common  to  all  automatic  cylinder 
valves,  forms  one  of  the  greatest  objections  to  their  use  in  con- 
nection with  small  boiler  plants,  the  waste  of  steam  soon  amount- 
ing to  a  considerable  item  if  they  are  to  be  operated  constantly. 


I.— Typical  Hand  Pumi 
■t  belnp:  to  BU|jply  wftlei 


am  Carriage  Uae.  This  style  of  pump  te  used  on 
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wller  whfii,  for  any  re«»)n,  tlie  automalio  pump 
TaotaeeouB  feature  la  the  Jiiiutnl  liand  lever, 
ray,  when  not  In  use,  and  readily  bmigbt  to  tha 


CHAPTER   SIXTEEN. 

LIQUID  FUEL  BURNERS  AND   REGULATORS. 

Of  Liquid  Fuels  In  Qeneral. — All  light  steam  carriages^  and 
many  heavier  vehicles  as  well,  use  liquid  fuel,  oil  or  mineral 
spirit,  to  produce  heat  for  their  boilers.  Such  liquid  fuel  is  not 
burned  in  liquid  form,  as  is  oil  in  an  ordinary  lamp,  but  is  vapor- 
ized by  heat,  the  vapor  or  gas  thus  produced  being  fed  to  the 
burner  and  ignited,  in  the. same  manner  as  ordinary  coal  gas 
used  for  light  or  heat  in  houses.  It  would  be  impracticable  to 
carry  gas  in  tanks  on  steam  carriages,  since  the  difficulty  of  stor- 
ing and  replenishing  the  supply  would  be  greatly  increased.  Now, 
as  the  idea  of  vaporizing  liquid  hydrocarbons,  instead  of  depend- 
ing on  coal  gas  supply  for  a  gas  engine,  was  one  of  the  most 
valuable  improvements  made  by  Daimler,  and  the  first  step  to- 
ward the  gasoline  motor  carriage,  an  analogous  treatment  of 
volatile  liquids,  in  order  to  produce  gas  for  burning  under  a 
boiler,  was  the  first  departure  in  the  direction  of  a  really  practical 
and  easily  handled  light  steam  road  carriage.  By  the  use  of 
liquid  fuels  in  such  a  carriage,  a  vast  saving  is  made  possible, 
both  in  space  and  weight,  while  the  consumption  of  such  fuels  in 
gaseous  form  is  another  element  of  economy. 

Advantafses  in  Using  Voiatlle  Fuels. — A  prominent  English 
authority  on  motor  carriages  gives  the  following  five  considera- 
tions of  advantage  in  the  use  of  liquid  fuels : 

1.  Their  combustion  is  complete,  no  heat  being  lost  in  the 
form  of  smoke  or  soot. 

2.  They  produce  no  ashes  or  clinkers,  which  must  be  periodi- 
cally cleaned  out.  Hence  there  is  no  loss  of  heat  or  drop  in 
steam  pressure,  due  either  to  this  cause  or  to  the  renewal  of  coal. 
.  3.  The  flues  are  never  incrusted  with  soot,  which  involves  the 
best  conditions  for  use  of  heat. 

4.  The  temperature  of  the  escaping  gases  is  lower  than  with 
a  coal  fire,  since  there  is  no  need  that  the  air  required  for  com- 
bustion should  force  its  way  through  a  thick  layer  of  burning 
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fuel.  Whence  the  uptake  temperature  is  generally  about  400°, 
Fahrenheit,  instead  of  between  600°  and  700°,  as  with  the  use 
of  coal  fire. 

5.  Since  the  fuel  is  burned  in  fine  particles,  in  close  contact 
with  the  oxygen  of  the  air,  only  a  small  excess  of  air  ove'  that 
actually  required  for  combustion  is  admitted  to  the  burner.  The 
opposite  is  the  case  with  coal. 

As  may  be  readily  surmised,  the  calorific  value  of  liquid  fuels 
is  far  greater  than  that  of  coal.  It  has  been  estimated  that, 
taking  the  two  weight  for  weight,  petroleum  oil  has  about  twice 
the  heat  efficiency  of  coal.  Since,  therefore,  equal  weights  of 
both  varieties  of  fuel  occupy  about  equal  spaces,  it  follows 
naturally  that  petroleum  products  are  far  more  economical  and 
serviceable  for  use  in  vehicles  of  any  description,  or  in  boats  and 
ships,  where  the  considerations  of  weight  and  space  occupied,  in 
ratio  to  the  power,  are  all-important. 

The  liquid  fuels  most  commonly  used  are  kerosene  and  gaso- 
line, both  being  vaporized  by  the  heat  of  the  burner;  a  kindling 
flame  from  liquid  gasoline  or  alcohol  vapor,  or  a  specially  ar- 
ranged detachable  puxiliary  vaporizer,  or  "torch,"  being  used  at 
the  start,  and  until  the  vaporizing  tubes  are  thoroughly  heated. 
Kerosene  is  less  suitable  for  steam  carriage  burners  than  is 
gasoline.  A  far  higher  temperature  is  required  to  vaporize  it, 
and  a  larger  evaporating  surface.  Furthermore,  it  requires  large, 
bulky  and  complicated  burners  to  consume  its  vapor,  and  very 
frequently  produces  an  excessive  amount  of  carbonaceous  re- 
siduum, which  necessitates  periodical  cleaning  and  considerable 
trouble  in  generating  heat.  Kerosene  burners  are  also  more 
difficult  to  operate  and  regulate;  frequently  make  an  annoying 
"roaring"  sound,  and,  on  the  whole,  are  highly  unsuitable  for 
light  steam  carriages  which  require  the  simplest  and  most  readily 
handled,  as  well  as  the  least  annoying,  attachments.  Gasoline,  on 
the  other  hand,  being  a  highly  distilled  product  of  petroleum,  is 
more  readily  vaporized  and  its  combustion  produces  no  dirty 
residue.  Moreover,  its  gas  may  be  readily  burned  in  the  com- 
pact and  simple  burners  used  on  most  steam  carriages. 

Kerosene  Burners :  The  Long^uemare  Burner. — Most  of  the 
best  known  kerosene  burners  use  coils  of  tubing  for  vaporizing 
the  oil  under  heat  in  valve  burners,  whose  rate  of  consumption 
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and  consequent  heat  may  be  readily  adjusted.  The  Longuemare 
burner,  one  form  of  which  is  shown  in  an  accompanying  figure, 
has  been  much  used  in  connection  with  the  Serpollet  flash 
generators.  The  Hquid  oil  Is  fed  into  a'  tubular  spiral,  B,  which 
is  of  a  general  conical  contour,  as  shown.  Entering  at  A,  it 
passes  through  all  the  tiers  of  tubing,  becoming  vaporized  under 
the  heat.  Being  given  off  at  the  top,  it  passes  down  to  the  central 
chamber  of  ihe  burner  at  D,  rising  thence  to  the  burner  tips, 
G,  G,  G,  in  such  quantities  as  are  permitted  by  the  needle  valve 
at  the  end  of  the  rod,  £.  Two  other  burner  tips  on  arms  fixed  at 
rig^t  angles  to  G,  G,  G,  are  connected  to  the  central  chamber 


Fio.  908,— Hie  Loneuemftre  Kerosene  Tspor  Burner.   A  te  the  oil  teed  pipe ;  B,  Uie  Tkpor- 

izlng  col] ;  D,  tlio  lube  leHdinic  to  the  burner  tips;  K,  the  control  valve  :  F,  the  huid- 
wheel  for  repilnting  the  control  valve  ;  Q,  Q.  <3,  the  burner  tlp«  Bjid  glands. 

below  the  needle  valve,  as  is  indicated  by  the  dotted  lines.  Con- 
sequently, when  the  rod,  E.  is  screwed  up,  by  the  geared  wheel, 
F,  so  that  the  needle  valve  is  closed,  these  two  burners  are  still 
supplied  from  the  central  chamber;  thus  maintaining  about  half 
the  usual  amount  of  heat,  when  it  is  necessary  to  stop  the  engine 
for  a  moderate  period.  These  burner  tips  also  act  as  pilot  lights 
to  ignite  the  others  when  the  valve  is  again  opened.  In  starting 
the  burner, it  is  necessary  only  to  pour  alcohol  into  the  pan  shown 
beneath  the  tube,  D,  and  the  central  chamber  of  the  burner,  and 
this  having  been  ignited  furnishes  sufficient  heat  to  begin  the 
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process  of  vaporizing  the  oil,  the  pilot  burners  being  kindled 
from  its  flame. 

The  Clarkson-Capd  Kerosene  Burner.— The  Clarkson-Capel 
burner  resembles  the  Longuemare  in  that  the  oil  is  ted  into  the 
base  of  a  coil  of  pipes  and  the  gas  is  given  off  at  the  top.  But 
its  general  details  are  very  different.  The  oil  is  forced  into  the 
vaporizing  coil,  B,  through  the  tube,  A,  and  the  oil  gas  passes  off 
through  the  tube,  C,  which  extends  through  the  boiler  shell,  as 
shown,  to  the  valve,  D.  The  needle  valve,  controlled  by  the  lever, 


^„ ._,„ A  ta  the  oil  feed  tube;  B,the 

cine  coll :  C,  the  pipe  rur  «a»  for  rv^rulaUne  Talve,  D;  E,  tbe  Bplndle  of  the 
valve;  F,  the  opemtinB  lover  of  the  valve;  6,  the  gland  of  the  burner:  H,  the 
le  opeDlng  for  the  flame, 

£,  admits  the  gas  to  the  large  mixing  tube,  into  which  air  also 
enters  by  a  rotary  valve,  of  the  general  type  used  on  small  stoves, 
placed  at  the  end  of  the  tube  to  the  left  of  the  diagram.  The  act 
of  operating  the  lever,  E,  on  its  pivot  also  actuates  the  double- 
jointed  lever,  F,  which,  as  may  be  readily  understood,  moves 
the  stem,  /,  of  the  burner  gland,  G.  up  or  down,  thus  con- 
trolling the  quantity  of  gas  let  out  at  the  point,  H,  hence,  also,  the 
size  of  the  flame.  By  this  device  the  heat  under  the  boiler  may 
be  varied  and  regulated  by  a  single  turn  of  the  hand  far  more 
effectively  than  in  the  Longuemare  burner,  as  Just  described. 
This  burner  is  started  by  the  use  of  a  hand  torch,  which  heats  the 
vaporizing  coil  previous  to  admitting  the  oil.  When  the  tube  is 
sufficiently  hot  the  burner  is  ready  to  bepin  work,  and  may  be 
lighted  as  soon  as  the  gas  and  air  mixture  in  the  large  mixing 
tube  is  allowed  to  escape  through  the  vent  at  H.    .\Ithough  very 
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complete  and  readily  operated,  such  a  burner  is  not  suitable  for 
small  carriage  use. 

The  "Hoyse"  Kerosene  Burner. — Another  oil  vapor  burner 
for  heavy  vehicles  is  the  House  burner,  which  is  intended  pri- 
marily for  use  with  the  "Lifu"  tubular  boiler,  already  described. 
As  shown  in  the  accompanying  figure,  it  consists  of  two  parts — 
an  upper  chamber  containing  a  series  of  channels,  into  one 
end  of  which  the  oil  is  fed,  being  vaporized  under  the  heat  of 


Fn.  MB.— The '; 

the  burner  and  given  off  through  the  opposite  port,  and  the  bur- 
ner into  which  the  vapor  is  led  by  a  vertical  tube.  The  oil  vapor, 
passing  down  into  the  burner,  lifts  the  needle  valve  by  its  own 
expansive  energy,  thus  varying  the  size  of  the  opening  and  of  the 
flame,  in  ratio  to  the  force  and  quantity  of  the  oil  vapor.  This 
matter  is  controlled  by  an  automatic  diaphragm  regulator,  similar 
to  that  used  with  gasoline  burners,  by  which  the  steam 
pressure  of  the  boiler  can  act  to  vary  the  opening  of 
the  oil  inlet  valve ;  a  low  pressure  leaving  it  fully  open  and 
a  high  pressure  acting  to  close  it  to  any  required  degree.  Ac- 
cording to  reports  this  method  of  regulation  acts  very  effectively 
in  this  burner,  although  not    as  simple  as  the  thermostat  device 
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used  on  the  Blaxton  flash  generator,  where  the  valve  and  burner 
tip  are*  of  the  same  general  construction,  being  held  open  by  the 
force  of  the  oil  vapor  until  mechanically  closed  by  the  lengthen- 
ing of  the  tube. 

Another  excellent  feature  of  the  House  burner  is  the  igniting 
chamber,  situated,  as  shown,  above  the  generating  chamber. 
This  is  a  spheroidal  cast-iron  box  having  perforations  at  the  base 
into  the  tube  fixed  immediately  above  the  burner  tip.  It  is  filled 
with  fire  brick,  or  some  similar  non-conducting  substance,  which 
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Fio.  206.— Plan  and  Part  Section  of  a  typical  Gasoline  Burner  for  Steam  Carriage  Uae. 

is  heated  to  redness  by  the  flame  of  the  burner  and  is  thus  useful 
in  rekindling  the  flame,  if  at  any  time  it  is  blown  out  by  draughts 
under  travel  or  by  rush  of  air  from  the  oil  tank.  The  flame  pro- 
duced is  a  very  large  and  hot  one,  amply  sufficient  for  the  utmost 
requirements  of  the  boiler.  When  the  oil  supply  valve  is  opened 
full,  the  pressure  is  sufficient  to  lift  the  valve  of  the  burner  and 
atomize  enough  oil  to  enable  starting  the  flame,  which  continues 
with  gas,  as  soon  as  the  generating  chamber  is  heated. 
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Gasoline :  Its  Vaporization  and  Burning' — Gasoline  is  much 
more  readily  vaporized  than  kerosene,  requiring  generally  no 
greater  temperature  than  may  be  obtained  by  passing  the  supply 
pipe  up  through  one  flue  of  the  boiler  and  down  through  another. 
Such  heating  as  this  would  have  very  small  effect  on  kerosene. 
The  burners  used  for  gasoline  are  simpler  and  more  readily 
regulated  than  those  used  for  kerosene.  They  may  also  be  made 
much  lighter  in  comparison  to  their  heating  power  and  are  less 
difficult  to  fire  up  at  the  start.  All  these  points  are  distinctly 
advantageous,  if  not  imperative,  on  a  light  steam  carriage,  in- 
tended for  amateur  engine  drivers.  On  a  heavy  wagon,  intended 
to  be  managed  by  skilled  engineers,  they  are  of  less  importance, 
and  may  be  readily  superseded  by  the  more  complicated  devices 
for  using  the  cheaper  fuel. 
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The  partB  shown  are:  n,  KOfoH'ie  miliply  pipe,  whose  opening  is  regulated 


by  point,  k,  uo  valve  head,  J.'  6,  „ ^ 

pliraeni;  /,  preBsurs  head:  r,  valie  rod;  o.  pagliinji  nut;  n,  gh 
pocWnj:;  *.  main  frame;  d,  BdjuHtlng  sri —  ' '-■' —  ' 


The  Qasollne  Bumer.^Xery  nearly  the  typical  gasoline  bur- 
ner for  steam  carriages  is  shown  in  an  accompanying  figure.  It 
consists  of  a  flattened  cylindrical  chamber,  pierced  from  head  to 
head  by  a  number  of  short  tubes,  each  of  which  is  expanded  into 
the  holes  prepared  for  it  and  flanged  over  to  make  a  secure  joint, 
somewhat  after  the  manner  of  a  well-made  boiler  flue  attachment. 
These  air  tubes,  as  they  are  called,  are  open  to  the  air  at  top  and 
bottom,  having  no  communication  with  the  interior  of  the 
cylindrical  chamber  above  referred  to.  The  gasoline  enters  the 
chamber,  from  a  nozzle  at  the  end  of  the  feeil  pii>c  and  through 
a  tube  entering  at  one  side  of  the  cylinder  and  extending  inward 
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about  two-thirds  the  diameter.  This  tube  is  called  the  "mixing 
tube,"  and  its  function  is  to  mat:e  a  mixture  of  air  and  gasoline 
vapor  that  will  burn  readily  in  the  atmosphere.  Having 
entered  the  cylindrical  chamber,  there  is  no  avenue  of 
escape  for  the  inflammable  gas  except  through  the  circular 
series  of  pin-holes,  which  surround  each  one  of  the  air 
tubes,  as  may  be  seen  on  the  cut  of  the  top  of  this  burner.  It  is 
at  these  minute  perforations  that  the  gasoline  gas  is  ignited,  the 
combustion  being  rendered  perfect  by  the  air  admitted  through 
the  air  holes  previously  mentioned.  As  may  thus  be  understood, 
the  devices  necessary  to  perfectly  bum  gasoline  gas  are  as  simple 
as  the  ordinary  "hot  plate,"  or  gas  range  burner,  that  are  familiar 
adjuncts  to  many  well-equipped  kitchens.  Of  course,  since  a 
more  extensive  burning  surface  is  required  in  a  steam  carriage 


.—The  "Darton"  Fuer  Feed  IfcBUlalor.  Thfa  device  dlffera  from  the  ■ 
rnln  that  It  lius  not  two  ohajnbers  necesaitaling  thai  the  valve  rud  pass  tli 
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II  Bcrewfl,  but  both  nuLy  be  detached,  by  threaded  connection, 
head  chamber,  thus  avoHlinK  removal  of  the  diaplira)(m.    The  ' 


burner,  the  plan  and  construction  must  differ  considerably  from 
the  more  familiar  models  of  gas  heater. 

The  Storing:  and  Feeding  of  Qasoline. — The  liquid  gasoline 
for  supplying  gas  to  the  burner  of  a  steam  carriage  is  carried  io 
a  lank,  disposed  generally  to  the  front  of  the  body,  and  suffi- 
ciently separated  from  the  burner  to  avoid  all  dangers  thai  might 
arise  from  leaks  or  overheating.  Within  this  storage  tank  a  good 
pressure  of  air  is  maintained — generally  between  35  and  45 
pounds  to  Ihe  square  inch — from  a  separate  air  tank,  supplied  by 
a  pump.  This  pressure  is  sufficient  to  force  the  liquid  gasoline 
into  the  vaporizing  tubes,  when  the  supply  cock  is  opened.  After 
it  has  bet;n  vaporized  the  circulation  continues,  as  controlled  by 
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the  Steam  pressure  diaphragm  regulator,  which  operates  a  needle 
valve  on  the  tube  supplying  the  burner,  the  amount  of  gas  and 
liquid  gasoline  moving  between  the  supply  tank  and  the  burner 
being  thus  determined. 

The  pressure  in  the  air  tank  is  produced  and  maintained,  cither 
by  a  small  hand  pump,  such  as  is  used  to  inflate  pneumatic  tires 
— this  method  is  used  on  several  well-known  American  steam 
carriages — or  else  by  some  such  specially  designed  pump,  as  is 
used  on  the  Victor  carriage,  or  some  of  the  others  described. 
Such  steam  driven  air  pumps  are  further  useful,  in  that,  by 
proper  attachments,  they  may  also  be  used  for  inflating  the  tires. 


Fio.  910.<-(}a8oUne  Burner  Regulator,  operating  with  a  corrugated  diaphragm,  like  a 
steam  gauge.  A  is  the  inlet  for  steam;  B,  the  inlet  for  liquid  gasoline;  C,  the  port 
leading  to  the  burner;  D.  the  diaphragm:  £,  the  head  on  the  grooved  rod  of  the 
valve;  F,  the  steam  chamber;  O,  tne  gasoline  chamber. 

The  Automatic  Fuel-Peed  Resfulator. — The  fuel-feed  regula- 
tor, of  which  there  are  several  serviceable  forms,  is  one  of  the 
most  necessary  attachments  of  a  steam  carriage.  Generally,  it 
consists  of  a  diaphragm,  which,  actuated  by  steam  pressure  from 
the  boiler,  automatically  closes,  or  partly  closes,  a  needle  valve, 
thus  regulating  the  amount  of  fuel  fed  to  the  burner.  Several 
such  apparatus  are  shown  in  section  in  accompanying  cuts. 
There,  as  may  be  seen,  the  diaphragm  is  fixed  across  the  tube 
leading  from  the  steam  space  of  the  boiler.  Against  its  inner 
side  bears  a  solid  head,  or  pressure  cap,  carrying  a  rod,  at  the 
farther  end  of  which  is  a  needle  valve.  The  pressure  cap  is 
normally  held  against  the  diaphragm  by  a  strong  spring.  When 
sufficient  steam  pressure  bears  upon  the  diaphragm,  the  spring  is 
compressed,  allowing  the  rod  attached  to  the  head  to  be  pushed 
inward,  thus  regulating  the  needle  valve,  according  to  require- 
ment.   The  instrument,  thus  formed,  consists  of  two  parts.  The 
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one  is  the  pressure  chamber  containing  the  spring,  whose  pres- 
sure on  the  head  is  regulated  by  an  adjusting  screw,  through  the 
shaft  of  which  passes  the  valve  rod.  The  other  is  the  gasoline 
chamber,  into  which  the  fuel  tor  the  burner  is  admitted  to  the 
left  of  the  point  of  the  needle  valve;  its  outlet  being  controlled, 
as  shown,  by  two  hand-wheel  valves — one  leading  to  the  main 
burner  through  the  mixing  tube,  the  other  being  intended  to  let 
out  a  sufficient  supply  of  gasoline  to  the  starting  device,  which 
may  be  a  detachable  "torch,"  or  auxiliary  vaporizer,  or  some 
arrangement  of  drip  cup  and  preliminary  generating  coil.  This 
arrangement  of  the  valves  is  shown  in  different  cuts  of  burners 
and  automatic  regulators,  being  there  sufficiently  designated. 
Thus,  as  shown  in  the  figures,  the  valve  rod,  in  entering  the  gaso- 
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line  end  of  the  regulator,  passes  through  a  stuffing  box,  so  as  to 
prevent  all  leakage  at  that  end. 

Of  course,  until  there  is  sufficient  heat  generated  to  vaporize 
gasoline  tor  the  regular  burner  and  generate  steam  pressure  in 
the  boiler,  the  automatic  regulator  cannot  operate,  as  described, 
and  the  flow  of  gasoline  to  the  starting  burner  or  vaporizer  is 
regulated  solely  by  the  hand  valves. 

A  Heavy  Vehicle  OasoHne  Regulator  — An  automatic  regu- 
lator, constructed  on  the  plan  just  described,  will  work  eminently 
well  so  long  as  the  spring  is  not  too  much  compressed  by  the 
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adjusting  screw  and  the  gland  of  the  stuffing  box  is  not  drawn  up 
too  tight.  Another  form  o[  regulator,  also  shown  in  an  accom- 
panying cut,  which  is  used  on  steam  wagons,  has  the  advantage 
of  simplicity  in  this  particular,  doing  away  with  bolh  spring  and 
stuffing  box.  The  diaphragm  has  concentric  corrugations,  like 
those  used  on  diaphragm  steam  gauges,  and  to  its  centre  is  at- 
tached a  valve  rod  having  longitudinal  groovings  to  permit  the 
fuel  to  enter  the  feed  tube  in  such  quantities  as  the  pressure  on 
the  other  face  of  the  diaphragm  will  permit.  Steam  pressure, 
being  thus  brought  to  bear,  tends  to  deform  the  diaphragm ; 
hence  compressing  the  valve  rod  and  decreasing  the  rate  and 


Fia.  ns.— Tbe  Dayton  Burner,  Hhowlng  the  Staiter  Box  and  Regulator  In  Position. 

quantity  of  fuel  feed.  The  fuel  is  supplied  from  the  storage  tank 
through  the  port  into  the  lower  chamber  of  the  two  formed  by  the 
diaphragm,  as  may  be  readily  understood. 

A  Thermostatic  Fuel  Peed  Regulator. — The  automatic 
regulator  used  on  the  White  steam  carriage  is  a  true  thermostat 
device,  like  that  used  on  the  Blaxton  generator,  although  regu- 
lating the  fuel  supply  rather  than  the  burner  flame.  Its  position 
and  connections  are  shown  on  the  figures  of  the  White  water 
feed  system,  where  it  is  designated  as  Q.  R.  S.  As  shown  in  an 
accompanying  figure,  it  is  constructed,  as  follows:  A  tube, 
A,  A,  A,  extends  entirely  through  the  diameter  of  the  generator, 
forming,  in  fact,  the  connection  between  the  two  lowest  coils  of 
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the  White  steam  generator,  and  being  connected  at  one  end  on 
the  point,  Q,  and  at  tlie  other  on  the  sleeve  there  shown.  Within 
this  tube,  A,  is  another  one,  B,  secured,  as  shown,  to  the  head 
piece  at  the  right  hand  end  of  the  tube  in  the  figure.  This  second 
tube  is  preferably  of  copper,  and  around  it,  within  the  tube.  A, 
the  steam  circulates  freely  between  the  two  lowest  coils,  so  long 
as  the  generator  is  in  operation ;  thus  determining  its  tempera- 
ture and  consequent  expansion.  Within  this  second  tube,  B, 
again,  is  the  rod,  C,  preferably  of  iron  or  steel,  whose  ratio  of  ex- 
pansion is  smaller  than  that  of  copper  for  all  usual  boiler  tem- 
peratures. This  tube,  C.  bears  upon  the  bell  crank,  D,  normally 
holding  it  in  the  position  shown.  When, however, the  temperature 
of  the  steam  or  air  within  the  tube.  A,  has  reached  a  certain  pre- 
determined maximum,  the  tube.  B,  of  copper,  expands  accord- 
ingly, lengthening  in  the  direction  of  the  left  of  the  figure,  on 


Via.  aw— Oiiu  pluire  Caai  BuriiiT  Bmly  of  Die  DojloH  Burni^r. 

account  of  being  rigidly  secured  to  Ihe  head  at  the  right.  The 
result  is  that  the  linear  expansion  of  6  and  C  being  unequal,  C 
is  drawn  away  from  the  bell  crank,  D,  with  the  result  that  the 
rod,  E,  is  allowed  to  fall  accordingly,  decreasing  or  quite  closing 
the  needle  valve  at  F.  This  regulates  the  flow  of  gasoline  gas 
from  the  casing.  S.  which,  as  shown  in  section,  contains  the  main 
needle  valve,  to  be  controlled  by  a  hand  wheel  operated  from  the 
seat  ot  the  carriage.  The  general  location  of  this  device,  also 
that  of  the  hand  wheel  to  control  it.  are  shown  in  the  sectional 
cut  of  the  water  feed  system  above  referred  to. 

Constructional  Points  on  Oasoline  Burners. — Several  steam 
carriage  burners  are  formed  by  riveting  together  a  steel  flattened 
cylindrical  pressing  and  a  plane  disc,  as  shown  in  a  former  figure, 
inserting  and  expanding  the  draught  tubes  into  suitably  arranged 
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perforations,  as  is  done  with  the  flues  of  boilers.  Such  a  con- 
struction is  apt  to  be  fauhy,  however,  owing  to  the  fact  that  the 
steel  plates  tend  to  warp  under  the  influence  of  heat,  causing  the 
draught  tubes  to  leak,  and  the  attachments  to  wear.  The  danger 
of  these  accidents  has  moved  several  inventors  and  manufacturers 
to  design  and  produce  burners  formed  with  a  cast  top  and  steel 
plate  base,  or  to  cast  both  elements.  By  the  use  of  castings  warp- 
ing is  positively  prevented,  and  leaking  at  the  joints  of  the 
draught  tubes  is  obviated. 


Fio.  214.— WhitDey  Bunaen  Tube  Biuner  of  the  McKay  Carriage,  showing 

of  the  Bunsen  tubes,  and  starting  torch. 


flection  of  one 


One  of  the  best-known  burners  of  this  construction  is  that 
widely  known  as  the  "Dayton,"  which  possesses  the  additional 
feature  of  supplying  gas  for  the  burner  flame  through  annular 
openings  around  each  of  the  draught  tubes,  instead  of  using  the 
"pin-hole"  design,  already  described.  It  is  possible  to  construct 
with  this  feature,  since  the  air  tubes  are  cast  in  one  piece  with 
the  head  and  base  plates,  being  afterward  reamed  out,  so  as  to 
make  them  uniform  in  size.  In  addition  to  this  air  opening,  a 
counter-bore  is  sunk  in  the  top  plate  of  the  burner,  and  a  steel 
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washer  is  fitted  into  it,  leaving  an  annular  opening  for  the  passage 
of  gas  in  the  inside  of  the  washer.  The  outside  of  the  washer 
has  a  number  of  small  openings  in  it,  so  that  each  air  tube  is  sur- 
rounded by  two  concentric  circles  of  flame.  This  construction 
affords  a  very  large  heating  capacity,  and  also,  as  is  claimed, 
prevents  the  top  of  the  burner  from  cracking,  also  less  liability 
of  choking  with  rust,  dust  or  carbonized  particles,  which  is  a 
frequent  source  of  annoyance  with  "pin-hole"  burners. 

A  Bunsen  Tube  Qasoline  Burner. — ^An  interesting  variation 
on  the  common  type  of  steam  carriage  burner  is  presented  in  the 
device  used  on  the  McKay  carriage.  This  burner  is  made  with 
the  usual  top  and  base  plates,  the  air  tubes  being  inserted  and 
flanged  over,  as  already  described.  There  are,  however,  no  slits 
or  punctures  around  these  for  the  gas  to  pass  through.  Instead  of 
this  usual  construction,  each  tube  is  perforated  on  each  90**  of 
its  circumference,  as  shown ;  thus  making  communication  to  the 
interior  of  the  gas  chamber  within  the  flattened  cylinder.  A 
second  tube  is  then  inserted  within  the  first,  fitting  closely,  ex- 
cept for  a  slightly  diminished  circumference  at  about  the  level  of 
the  perforations  just  mentioned.  This  construction  is  shown  in  the 
figure  illustrating  the  section  of  one  of  the  draught  tubes.  The 
gas  from  the  mixing  chamber,  entering  these  perforations,  passes 
between  the  two  tubes,  where  the  inner  one  is  of  diminished  cir- 
cumference, and,  mixing  at  the  top  of  the  tube  with  the  air  drawn 
through  the  draught  tube,  produces  a  very  hot  flame,  as  in  the 
ordinary  type  of  Bunsen  gas  burner. 

In  addition  to  the  possible  advantage  in  point  of  heat  obtained 
by  this  construction,  it  seems  quite  reasonable  that  "burning- 
back,"  or  the  ignition  of  the  gas  within  the  mixing  chamber, 
caused  generally  by  a  sudden  gust  of  wind  from  above,  would 
be  largely  obviated  if  not  wholly  prevented.  It  has  been  asserted 
that  the  "pin-hole"  burner  is  superior  to  other  designs,  in  point 
of  immunity  from  "burning-back." 

"Burning-back"  in  a  carriage  burner  may  always  be  detected 
by  a  roaring  sound,  accompanied  by  a  fall  in  the  steam  pressure. 
It  may  be  remedied  by  cutting  off  the  fuel  supply,  and  allowing 
the  burner  to  cool  somewhat  before  relighting.  If  allowed  to 
continue  it  will  result  in  considerable  damage  to  some  burners, 
and  in  no  profit  to  any.    It  also  cuts  off  the  heat  from  the  boiler. 
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A  Tubulou«  Qasollne  Burner. — An  interesting  burner,  whose 
construction  quite  precludes  the  possibility  of  burning-back,  is 
used  on  the  Lane  carriage,  a  sketch  being  shown  herewith,  In- 
scead  of  the  familiar  mixing  chamber  and  draught  tubes,  it  con- 
sists of  a  central  mixing  tube  of  about  three  inches  diameter  from 
which  start  out  at  both  sides,  on  one  plane,  34  tubes  of  about  | 
inch  diameter  having  pin-hole  perforations  through  their  entire 
length.  The  fire  being  kindled  on  all  of  these  holes,  a  much 
more  extensive  burning  surface  is  rendered  possible  than  can  be 
obtained  on  any  of  the  common  type  of  burner.  A  further  ad- 
vantange  claimed  is  that  the  draught,  arising  through  the  spaces 


FiO.  £1E.— The  Tubaloos  awollne  1 
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between  the  tubes,  gives  the  fire  air  for  combustion  on  both  sides 
through  the  entire  length  of  every  tube ;  thus  enabling  a  hotier 
flame  than  is  possible  in  any  other  manner.  The  central  mixing 
tube  also  has  perforations  from  side  to  side,  as  shown,  thus  mak- 
ing the  lines  of  flame  continuous  across  the  entire  burner  struc- 
ture. Another  advantage  of  a  straight-tube  construction  is  that 
expansion  or  contraction  may  occur  without  involving  warpage 
or  undue  strain  at  any  point. 

The  gasoline  fuel  is  fed  to  this  burner  through  the  tube  and 
connections  marked  A.    This  tube,  as  may  be  seen,  has  an  adjust- 
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able  needle  valve  for  setting  the  rate  of  supply  at  any  desired 
point,  when  the  automatic  regulator  is  allowing  passage  for  the 
full  supply,  or  for  shutting  it  off  entirely.  From  the  point.  A, 
the  fuel  passes  entirely  across  the  face  of  the  burner  through  one 
of  the  vaporizing  tubes  and,  tack  again  through  the  other,  which 
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FlQ.  !1B,— Ftui  and  SectlDnal  ElevatlOD  of  the  White  Borner. 

is  marked  B.  One  part  of  the  vaporized  fuel,  reaching  this  point, 
passes  through  the  tube  and  spraying  nozzle  at  D  into  the  mix- 
ing tube,  which  runs  through  nearly  the  entire  length  of  the  large 
cross -perforated  central  tube,  and  is  ted  thence  to  all  the  burner 
tubes  set  at  right  angles  thereto.  Another  part  is  fed  into  the 
pilot  burner,  £,  which  is  arranged  directly  beneath  the  tube,  B, 
as  shown  in  the  detail  to  the  upper  left-hand  side  of  the  burner. 
This  pilot  light,  which  may  be  kept  continuously  burning,  can 
rekindle  the  fire  at  any  time  after  extinguishment. 

Another  feature,  which,  however,  is  not  peculiar  to  this  burner, 
is  the  method  of  starting  the  fire.    This  is  done  by  pouring  a  few 
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teaspoonfuls  of  wood  alcohol  into  a  tube  connected  on  to  the 
tube,  C,  which  also  passes  across  the  face  of  the  burner  between 
the  two  vaporizing  tubes,  A  and  B.  This  torch  tube,  C,  is  also 
perforated  with  pin-holes  through  its  length,  and  is  wrapped 
about  with  asbestos  packing,  which  may  be  ignited ;  thus  furnish- 
ing sufficient  heat  to  begin  the  operation  of  vaporizing  the  fuel 
in  A  and  B,  Before  the  prescribed  quantity  of  alcohol  is  burned 
out,  clear  gas  begins  to  be  fed  to  the  pilot  burner  and  mixing 
tubes ;  being  ignited  in  both  by  the  flame  of  the  asbestos  torch. 

The  White  Qasoline  Burner. — The  burner  used  on  the  White 
carriage  is  also  an  interesting  departure  from  the  common  types. 
As  shown  in  the  plan  and  sectional  sketches,  it  consists  of  an 
upper,  or  face,  plate  of  cast  iron,  having  concentric  corrugations, 
between  which  are  the  draught  tubes,  connecting  the  top  and 
base  plates,  as  in  other  burners.  Instead,  however,  of  the  usual 
pin-holes  or  slits  around  the  openings  of  the  draught  tubes,  there 
are  concentric  rows  of  radially  disposed  slits  across  the  raised 
corrugations  on  the  face  of  the  upper  plate.  The  sketch  shows 
these  in  larger  number  than  on  the  burner  in  actual  use,  which, 
being  about  14  inches  in  diameter,  has  the  slits  arranged  at  in- 
tervals of  about  \  inch. 

Obvious  constructional  and  practical  advantages  inhere  in  this 
design,  since :  (a)  The  draught  tubes,  being  separated  from  the 
flame,  cannot  be  loosened  by  the  heat,  (b)  Being  arranged  to 
either  side  of  each  circle  of  flame,  sufficient  oxygen  is  supplied  to 
produce  perfect  combustion,  (c)  The  construction  is  such  that 
there  is  no  danger  of  warping  or  deformation  under  heat. 

The  automatic  thermostatic  regulator,  described  above,  is  used 
with  this  burner.  The  incoming  gasoline  supply  goes  to  the  pre- 
liminary vaporizer,  C,  over  the  pilot  burner,  G,  thence  through 
the  vaporizing  tubes,  and  through  the  regulator,  and  into  the 
mixing  chamber,  whence  it  emerges  through  the  fire  slits, 
D,D. 

Methods  of  Startinsr  the  Fire:  The  " Torch."— There  are 
several  methods  of  starting  the  fire  in  gasoline  carriage  burners, 
each  having  been  devised  as  an  improvement  in  way  of  sim- 
plicity and  ease  of  operation. 

The  most  familiar  method  of  starting  the  fire  is  by  the  use  of  a 
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',— OsDal  pattern  of  ' 
m  CAITiuea.  The  he 
L  C  «nd  fi  nuts  WOT 


tiered  as  roUowa^  V  body  of  head;  B.  threaded 
B.  FatiilQ.  on  rod,  E.  Screw,  a,jlv«sMtach- 
la  »hown  at  B,  in  the  aucceedlng  Bgure. 


Fio.  818.— Showing  the  Inrch  In  position.    By  reference  to  Flit.  (IT,  It  may  be  readily  ui 
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removable  auxiliary  vaporizer,  or  "torch,"  such  as  is  used  on 
the  "Mobile,"  and  several  other  well-known  steam  carriages.  It 
consists,  briefly,  of  a  continuous  iron  tube  bent  double  at  the 
centre,  as  shown,  and  having  a  cock  and  screw  head  at  one  ex- 
treme and  a  tapering  nozzle  at  the  other.  This  instrument  is 
held  in  the  fire  of  an  ordinary  stove,  or  over  a  fire  kindled  with 
cotton  waste  saturated  with  gasoline,  until  it  reaches  a  tempera- 
ture usually  described  as  a  "sizzling  heat,"  which  is  to  say  the 
point  at  which  any  moisture  applied  to  its  surface  will  occasion 


S 


•Tar 
Fio.  aiB.— The  PBTTOtt  Improved  "Torch  "He«d.    The  frame,  H,  la  permanently  Mtaohed 

to  the  popple  of  the  re^lotor  ^luoline  outlet  iLt  B,  At  ^tH  top,  H  corrleB  tbe  screw, 
N.  with  the  cup-Hhupod  cinnip  enti,  J.  The  spherical  head,  E,  hailog  the  Internal 
cbannel,  F,  Is  attached  at  the  end  of  one  leg  of  the  "  toruh"  b;  the  neck,  Q.  When 
the  "torch'"  Ih  beatvd  »nd  Inserted  in  the  burner  Bpaco,  the  head,  E.  Is  placed  In  posi- 
tion, DA  shown,  and  secured  by  the  screw  clamp,  so  that  the  uhannel,  F,  cODnecla 
dIrectwIthB.  thus  permitting gOHuline  to  Row  Into  the  "torch"  tubes,  lie  particular 
adrantases  claimed  are  the  absence  of  mov-ftbli>  screw  joints,  which  are  a|M  to  suffer 
from  heat,  and  also  the  avoidance  of  all  packing. 

the  familiar  "sizzle,"  noted  when  water  is  dropped  on  a  stove  lid. 
It  is  a  heat  just  below  the  point  where  iron  begins  to  redden. 
Some  authorities  advise  that  the  "torch"  be  heated  to  a  "dull 
red,"  as  that  will  give  a  better  temperature,  when  it  is  inserted  in 
the  burner. 

The  "torch."  having  been  heated,  its  double  bent  tube  is  in- 
serted in  an  aperture  in  the  burner  casing,  designed  to  receive  it, 
the  screw  and  valve  end  being  attached  at  an  aperture  controlled 
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bythepinvalve  and  hand-wheel, B, in  the  sectional  cut  of  the  auto- 
matic regulator,  and  its  nozzle  being  itrscrted  in  the  same  aper- 
ture as  is  penetrated  by  the  nozzle  controlled  by  the  pin  valve 
and  hand-wheel.  A,  in  the  same  figure.  This  done,  the  handc 
wheel,  B,  is  turned,  so  as  to  open  the  needle  valve  at  the  end  of 
its  stem,  as  far  as  is  required ;  thus  admitting  liquid  gasoline  into 
the  double  bent  tube  of  the  torch  through  the  screw  and  valve 
attachment.  The  result  is  that,  passing  through  the  heated  tube, 
it  is  vaporized;  sufficient  gas  being  presently  generated  to  allow 
the  burner  to  be  ignited  by  a  match  or  paper  lamplighter  thrust 
through  an  aperture  prepared  for  that  purpose.  The  merits  of 
this  arrangement  are  obvious,  although  it  has  been  repeatedly 


Dittphracm  HcRUlfttor  of  the  "  Dnytnn  "  Burner.  The  partB 
'  anj  rc>niLr  at  oppiiinR  or  the  tnTiing  lub«;  U.  Ihlmbk  on 
BmriDrmjjiijoiinnjiiiigiiupiriy  pipa  t«  Ihq  mijiinE  tube  ftnci  burnpr;  CatjirlinB  vilvc: 
D,  knuckle  Julnt  ror  connecting  control  valve  to  driver's  seat;  E.  head  piece  of  tba 
diaphragm  re^Lator. 

objected  to  on  the  ground  that  it  is  a  rather  clumsy  and  incon- 
venient arrangement,  requiring,  as  it  does,  some  stove  or  fire  to 
produce  the  required  heat.  Thus  several  steam  carriage  burners 
have  other  devices  for  accomplishing  the  end  of  producing  gas 
for  the  burner  before  the  main  vaporizing  tubes  are  heated. 

An  Auxiliary  Coil  Starting  Device.— The  starlet  used  with 
the  "Dayton"  burner,  already  described,  is  shown  in  an  accom- 
panying cut.  There,  as  may  be  seen,  a  small  box,  called  a  "starter 
box,"  is  attached  at  one  side  of  the  burner.    It  contains  a  short 
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coil  of  tubing,  into  which  liquid  gasoline  may  be  admitted  by 
opening  the  valve  marked,  "starting  valve."  A  few  drops  of 
liquid  gasoline  are  then  allowed  to  drip  into  the  "starting  cup," 
beneath  the  coil,  and  this,  set  on  fire,  will  speadily  generate  suffi- 
cient gas  to  light  the  pilot  burner,  from  which,  in  turn,  the  main 
burner  may  be  kindled  as  soon  as  the  vaporizing  tubes  are  suffi- 
ciently heated.    As  soon  as  this  point  is  reached  the  needle  valve 


Fte.  SSI,— BHfleor  BnLler  and  BirniH  nf  the  "ReaiUnr"  Carrloin'.  ahonlne  reinilator  and 
Btart.Tcoil  in  positiim.  A  Is  the  burner  riise:  C,  Ihe  hand-whwl  controlllnir  Ihp  ifBlve 
tot)i<>  mixlnc  liibr;  D.  thn  han<1-w1iepU-i>iitrolllng  the  valve  lu  Ihti  auxiliary  vaporiz- 
ing coll,  E;  F,  the  dlaplirngm  reifulator. 

to  the  main  burner,  shown  at  the  right  hand  of  the  starter  box. 
is  opened,  admitting  gas  through  the  nozzle  into  the  mixing  tube. 
By  closing  this  valve  the  main  fire  may  be  shut  off,  as  desired, 
although  the  pilot  light  continues  burning,  until  extinguished  by 
shutting  off  its  supply  of  gas,  which  is  never  modified  in  any  way, 
being  out  of  reach  of  the  automatic  regulator  controlling  the  fuel 
feed  to  the  main  burner. 


1 
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••Reading"  Coil  Starter. — A  somewhat  similar  starting  device, 
used  on  the  "Reading"  carriage,  is  shown  in  an  accompanying 
figure,  which  gives  a  view  of  the  base  of  the  boiler,  with  burner 
and  automatic  diaphragm  regulator  attached.  As  may  be  seen, 
the  gasoline,  fed  from  the  tank  and  passing  down  through  one 
flue  of  the  boiler,  enters  the  burner  apparatus  at  the  point 
marked,  X,  where  its  inflow  may  be  regulated  by  the  needle 
valve,  carried  on  the  stem  of  the  pressure  head,  as  already  ex- 
plained. In  order  to  start  the  burner  a  small  amount  of  alcohol 
is  poured  into  the  cup,  £,  above  which,  as  shown,  is  a  coil  of  very 
small  tubing.  As  soon  as  this  coil  is  sufficiently  heated,  the  valve, 
Dy  is  opened  slightly  so  as  to  admit  gasoline  into  the  tube. 
This,  flowing  around,  is  vaporized,  and  then  being  led  off  by  the 
connecting  tube  to  C,  enters  the  mixing  tube ;  sufficient  gas  be- 
ing thus  generated,  before  the  alcohol  is  burned  out,  to  supply 
fuel  for  lighting  the  burner.  Since  the  flame,  thus  produced,  is 
sufficient  to  vaporize  the  gasoline  in  the  loop  of  tubing  which 
passes  directly  over  the  burner,  the  valve,  C,  may  soon  be  opened 
— this  should  be  done  slowly  and  carefully — and  gas  admitted  to 
the  mixing  tube,  shown  at  G,  beneath  the  burner. 

The  design  of  this  burner  differs  from  many  others  in  the  fact 
that  the  mixing  tube  is  thus  placed  below  the  structure  instead  of 
entering  at  the  side,  as  shown  in  other  figures.  It  may  be  readily 
seen  that  it  consists  of  two  tubes  telescoped  together,  so  as  to 
permit  of  necessary  variations  in  the  distance  between  burner 
and  connections.  A  slight  slope  from  the  centre  serves  to  keep 
any  liquid  gasoline  that  may  escape  from  entering  the  burner, 
where  it  might  cause  trouble.  A  pilot  light  is  also  attached  to 
this  burner,  which,  as  in  other  types,  burns  continuously,  reignit- 
ing  the  gas  as  soon  as  the  flame  goes  out. 

Tlie  Kelly  Vaporizer  and  Burner. — ^The  preliminary  vaporiz- 
ing device  used  on  the  Kelly  burner,  and  also  sold  for  attach- 
ment to  others,  is  equally  interesting  in  operation.  A  *'genera- 
tor"  box,  attached  to  the  outside  of  the  burner  casing,  encloses 
a  portion  of  the  tubing  leading  from  the  supply  pipe  and  gaso- 
line tank,  and  also  attachments  for  the  various  valves.  The 
bottom  of  this  box  contains  a  drip  cup,  and  is  arranged  to  open 
on  a  hinge,  so  as  to  allow  of  attaching  an  adjustable  alcohol 
lamp,  as  shown  in  the  accompanying  cut.    In  order  to  begin  the 
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process  of  vaporizing  the  fuel  previous  to  lighting  the  burner, 
the  movable  drip  cup  and  bottom  of  case  Js  opened  out,  as 
shown  at  C  in  the  cut,  and  the  alcohol  lamp,  K,  is  hung  beneath 
the  opening.  A  flame  is  kindled  in  this  lamp,  and,  after  it  has 
burned  several  minutes,  the  "sub-flame  valve,"  D,  is  opened, 
and  the  lamp  removed.  At  this  point  it  is  possible  to  ignite  the 
vaporized  gasoline  at  the  opening  of  the  "sub-flame  valve,"  by 
applying  a  match  through  the  small  drop  door  shown  near  the 
top  of  the  generator  box.  After  the  flame  has  burned  aboirt  a 
minute  mTe,  the  main  fire  valve  may  be  opened,  slowly  at  first. 


Fio.  m.^The  Btatter  Box  and  Control  Valve  of  the  Kelly  Burner.  A,  union  Joint  to  (ap- 
ply pipe;  B,KMorinoe  leftdlnBtllreft  lo  the  main  burner;  C,  drop  drip  cup  and  bottom 
of  case;  D.  BUb-llame  lalve;  E,  clit'ck  on  vaiie  (o  prevent  turning  by  vibratiooa  of 
travel;  F.  packing  nut  on  the  main  lire  valve;  O.  knuckle  Joint  to  carry  rod  to  seat; 
H, opening  to  Bcrow  on  thedtaphnmmrcRulalor;  K.theBlvoliollalnp  hung  In  posltioll 
to  start  vaporliluK  and  Ore  the  burner. 

in  order  that  the  burner  and  supply  pipes  may  be  thoroughly 
heated.  As  soon  as  the  burner  is  thoroughly  started  the  small 
door  at  the  base  of  the  generator  is  closed.  In  case  the  alcohol 
lamp  has  been  lost,  the  drip  cup  formed  on  the  inner  face  of  this 
door,  may  be  used  for  the  preliminary  vaporizing  flame,  by  par- 
tially opening  it  and  igniting  the  contained  gasoline  with  a 
match.  Gasoline  may  also  be  burned  in  the  lamp  in  case  no  al- 
cohol can  be  obtained. 
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The  Kelly  burner,  designed  for  use  with  this  generator  sys- 
leni,  is  cast  in  ont  piece,  the  air  and  gas  orifices  being  drilled 
through  the  upper  face  plate.  This  construction  is  efficient  in 
preventing  all  warpage  from  heat. 

An  Automatic  Qasoline  Pump  — As  has  already  been  stated, 
the  average  practice  in  .American  steam  carriages  is  to  store  the 
gasoline  in  a  tank  under  air  pressure — generally  between  30  and 
45  pounds — which  is  sufficient  to  force  it  through  the  pipes  lead- 
ing to  the  burner,  as  already  explained.  This  arrangement  in- 
volves, however,  that,  so  soon  as  the  pressure  falls  below  a  cer- 
tain point,  it  is  necessary  to  raise  it  again,  either  with  a  hand 
pump,  or  with  some  make  of  steam  air  pump,  such  as  has  been 
described  in  the  previous  chapter.  In  either  case  the  driver 
must  constantly  watch  his  air  pressure  gauge,  and  act  accord- 
ingly.   This  fact  has  called  the  attention  of  several  inveutors  to 


Fia.  SSS.-Tbe  Kelly  One-piece  Cut  Burner. 

the  desirability  of  constructing  some  kind  of  automatic  pressure 
regulator,  in  order  to  save  the  driver  constant  exertion.  One 
of  the  best  known  among  such  automatic  devices  is  the  Phelps 
gasoline  pump,  of  which  an  elevation  and  sectional  view  are 
shown  in  accompanying  figures. 

Briefly  described,  the  device  consists  of  two  parts :  A  plunger 
pump  and  a  double  receiving  chamber,  two  upright  cylinders. 
These  two  receiving  cylinders  are  connected  by  a  tube  at  their 
bases;  one  of  them  being  closed  at  the  top,  the  other,  in  com- 
munication with  the  inside  of  the  pump  barrel  through  the  ver- 
tical tube  and  hand  valve,  as  shown  in  the  illustration.  The 
pump  proper  is  of  peculiar  design,  having  a  simple  plug  piston 
without  a  stuffing  box  or  any  attempt  at  perfecdy  tight  connec- 
tions. The  up-stroke  of  the  piston  rod  is  by  the  motion  of  the 
engine,  attachment  being  made  with  a  pin  projecting  from  the 
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crosshead  to  the  swinging  link  marked  C  in  the  cut.  The  down 
stroke  is  controlled  by  the  spring,  S,  whose  tension  may  be 
regulated  by  the  adjusting  screw,  W,  through  the  shank  of 
which  slides  the  piston  rod,  P" .  In  starting  the  gasoline  circu- 
lation system,  a  plug  is  removed  from  the  top  of  the  left  receiv- 
ing cylinder  of  the  two  shown  in  the  cut,  and  the  cylinder  is  com- 


on  the  rod,  P-':  P.  llie  aiije  tor  tlic  nluiiBerr  V,  the  iiluuecr:  K,  entmnoe  lor  gmolinc. 
Flo.  225.— Phelps  aasoliiie  Pump  Feed  AppankluB.    A  Is  tbctube  leailiiii;  t«  burm^ri  B, 
tube  leaaint;  lo  gttjmline  tank;  C,  link  for  ojnTstiog  the  pump  by  hiud. 

pletely  filled  with  water.  The  pump  is  then  started  by  hand,  by 
means  of  a  removable  link  and  handle,  working  on  the  slotted 
head  nut  shown  at  the  top  of  the  piston  rod.  By  this  means 
gasoline  is  forced  into  the  cylinder  through  the  tube  connecting 
to  the  pump,  and  acts  to  force  the  water  through  the  cross-pipe, 
connected  at  the  base,  into  the  right-hand  cylinder,  where  it  con- 
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tinues  to  rise  until  the  air  cushion  in  that  cylinder  exerts  a  back- 
pressure equal  to  that  of  the  adjustable  spring  in  the  pump  bar- 
rel. The  water  also  acts  to  prevent  the  air  pressure  cushion  from 
coming  into  contact  with  the  liquid  gasoHoe  and  being  absorbed 
thereby. 

Since  the  barrel  of  the  pump  is  in  direct  and  unobstructed 
connection  with  the  fuel  supply  tank,  the  level  of  the  gasoline 
is  the  same  in  both,  and,  so  long  as  the  air  pressure  in  the  re- 
ceiver cylinders  is  lower  than  that  of  the  piston  spring,  gasoline 
is  constantly  pumped  into  the  left-hand  cylinder,  as  already 
stated,  being  fed  thence  directly  to  the  burner.  So  soon  as  the 
pressures  of  air  cushion  and  spring  become  equal,  the  feeding 


Pio.  a»a.— One  nodal  of  the"  Whlto"  steam  CaniiigB, 

of  gasoline  to  the  cylinder  ceases,  and  the  piston  remains  in  an 
elevated  position.  Since,  however,  the  capacity  of  the  pump  is 
many  times  greater  than  the  requirements  of  the  burner,  it  fol- 
lows that,  with  any  adjustment  of  the  pressure,  it  must  be  out 
of  action  during  a  greater  portion  of  the  time,  the  gasohne  be- 
ing then  fed  under  the  air  pressure  in  the  receiver  cylinder,  until 
that  falls  again  below  the  predetermined  point. 

Among  the  advantages  claimed  for  this  device  are :  The  au- 
tomatic regulation  of  the  air  pressure;  the  absence  of  by-pass 
valves,  stuffing  boxes,  auxiliary  pumps,  hand  air  pumps;  the 
fact  that  only  one  pint  of  gasoline  is  held  under  pressure  at  any 
one  time,  and,  also,  that  exactly  the  required  amount  is  being 
pumped,  no  more  and  no  less. 


CHAPTER   SEVENTEEN. 

STEAM   AND   ITS   USE  AS  A  MOTIVE  POWER. 

The  General  5ituatioii  on  Steam  Using. — In  recognizing 
and  applying  practically  the  fact  of  the  expansive  energy  of 
steam,  Watt  earned  his  title,  inventor  of  the  steam  engine.  All 
that  has  been  done  since  his  day  is  to  still  further  enlarge  on 
the  principles  applied  by  him :  First,  in  the  use  of  higher  pres- 
sures; second,  in  such  structural  improvements  as  have  ren- 
dered steam-using  more  economical  and  brought  the  engine  to 
the  high  point  of  perfection  it  now  possesses.  All  these  im- 
provements in  the  direction  of  enlarged  efficiency  have  been 
made  possible  by  a  more  perfect  knowledge  and  closer  observa- 
tion of  the  laws  governing  the  properties  of  steam  at  various 
temperatures  and  pressures.  For,  although  exhibiting  divergent 
properties  in  some  particulars,  steam  may  be  treated  and  handled 
according  to  the  general  laws  of  "permanent"  gases — those, 
such  as  air,  oxygen,  etc.,  which  never  pass  into  the  liquid  or 
solid  states  under  the  natural  physical  conditions  maintaining 
on  the  earth's  surface. 

On  Steam  and  Other  Oases. — In  treating  of  gases  in  gen- 
eral, we  must  bear  in  mind  that  modem  science  has  apparently 
succeeded  in  artificially  producing  liquid  carbonic  acid  gac  and 
"liquid  air";  but  these  results,  as  is  well  known,  are  achieved 
by  the  production  of.  certain  physical  conditions  which  occur 
naturally  at  no  place  on  earth.  While  not  digressing  so  far  as 
to  attempt  a  description  of  the  laboratory  processes  employed, 
it  is  not  too  much  to  say  that  the  results  are  achieved  by  com- 
binations of  extremely  high  pressures  and  extremely  low  tem- 
peratures, such  as  must  necessitate  complete  readjustment  of 
molecular  conditions  in  the  gases  treated.  .  Just  as  permanent 
liquids,  such  as  water  and  mercury,  assume  the  solid  state  at  suf- 
ficiently low  temperatures,  and  just  as  permanent  solids,  such  as 
iron  and  flint,  will  assume  the  liquid  state  under  sufficiently  high 
temperatures,  so  "permanent  gases"  become  liquids  when  the 
produced  conditions  are  favorable.    When,  on  the  other  hand, 
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the  physical,  or  molecular,  state  of  a  substance  is  changed,  the 
continuance  of  the  new  state  depends  upon  the  maintenance  of 
the  conditions  in  which  it  was  produced.  Thus,  when  water  is 
changed  into  the  vapor  known  as  "steam,"  by  the  action  of  heat, 
it  will  return  to  the  liquid  state  if  the  temperature  is  allowed  to 
fall  sufficiently.  For  this  reason,  it  is  necessary  to  maintain  the 
cylinders  of  a  steam  engine  at  a  temperature,  at  least,  equal  to 
that  of  the  incoming  steam.  For  this  reason,  also,  it  is,  in  gen- 
eral, impracticable  to  use  steam  of  too  high  pressures — the  pres- 
sure and  temperature  rise  on  a  certain  proportional  scale — since, 


Fio.  826.— A  Simple  Form  of  Steam  Separator.  The  steam,  admitted  through  the  port  at 
the  left  of  the  fl^ire,  strikes  against  the  screen  in  the  centre  of  the  chamber,  thence 
following  the  direction  of  the  arrows.  Any  condensation  settles  in  the  bottom  of  the 
chamber,  whence  it  may  be  drawn  off  by  the  ports  there  shown. 

as  cannot  be  avoided,  the  difference  between  its  temperature 
and  that  of  the  cylinder  walls  is  so  great  that,  during  the  period 
of  exhaust,  a  large  part  of  it  is  condensed ;  which  means  that  the 
advantage  gained  will  sooner  or  later  be  counteracted.  This 
brings  us  to  a  consideration  of  the  principles  governing  the  gen- 
eration and  use  of  steam. 

The  Conditions  of  Steam  Generation. — ^According  to  the  cur- 
rent hypothesis  on  the  constitution  of  matter,  a  very  essential 
difference  between  the  liquid  and^gaseous  states  of  matter  is  that, 
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in  passing  from  the  first  to  the  second,  the  constituent  molecules 
of  the  substance  are  forced  further  apart.  This  seems  to  explain 
the  fact  that,  when  a  liquid  passes  into  a  gas,  it  not  only  "evapor- 
ates" and  disappears,  but  also  fills  a  very  much  larger  cubic 
space.  Moreover,  the  amount  of  this  expansion — as  measured 
by  the  cubic  content  filled  by  the  gas,  as  compared  with  that  filled 
by  the  liquid — is  in  proportion  to  the  heat  under  the  action  of 
which  the  water  is  vaporized.  If  then,  a  gas  subjected  to  heat  be 
confined  in  some  receptacle,  so  that  it  cannot  occupy  the  space 
properly  belonging  to  it,  it  will  show  its  tendency  to  assume  that 
volume  by  exerting  a  pressure  in  proportion  to  the  temperature 
in  the  receptacle.  This  is  precisely  what  happens  in  a  steam 
boiler.  The  steam,  when  liberated  from  confinement,  will  con- 
tinue to  exert  a  constantly  decreasing  pressure,  until  it  has 
reached  the  volume  properly  resulting  from  its  temperature,  at 
which  point  the  pressure  will  be  that  of  the  atmospheric  air.  It 
is  this  pressure,  or  natural  effort  to  assume  a  greater  volume — 
hence  to  displace  movable  obstacles— that  is  employed  in  the 
steam  engine  for  producing  motion  and  transmitting  power. 

The  Forms  of  Steam. — In  dealing  with  the  general  problems 
of  steam  engine  operation,  we  must  recognize  two  kinds  of 
steam,  or  rather  two  conditions  in  which  it  is  found  and  used. 
The  first  is  that  known  as  "saturated"  steam,  which  may  be  de- 
fined as  steam  in  contact  with  the  water  from  which  it  has  been 
generated,  and  which  has  absorbed  and  holds,  as  "latent  heat," 
the  full  number  of  thermal  units  necessary  to  completely  vapor- 
ize the  liquid  at  the  g^ven  pressure.  The  significance  of  the  word, 
"saturated,"  is  thus  apparent — the  steam  holds  in  solution  the  full 
quantity  of  heat  theoretically  needed  to  produce  and  maintain  it 
as  steam.  The  second  distinction  of  steam  is  "separated"  steam, 
which  signifies  steam  mechanically  separated  from  the  generat- 
ing liquid,  so  that,  when  fed  to  the  cylinder  of  the  engine,  it  is  per- 
fectly dry.  As  the  process  of  separation  properly  involves  the  con- 
stant maintenance  of  a  high  temperature,  so  that  the  process  of 
condensation  may  be  prevented,  the  dry  steam  continues  to  ab- 
sorb heat,  above  the  point  required  for  this  end,  and  thus  be- 
comes what  is  known  as  "superheated"  steam. 

When  steam  is  properly  separated  and  superheated,  its  expan- 
sion and  other  properties,  so  long  as  the  initial  temperature  is 
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maintained,  follows  closely  on  the  laws  governing  the  actions  of 
permanent  gases.  This  is  true  only  in  a  limited  sense  of  steam 
that  is  still  in  contact  with  the  generating  liquid ;  since,  not  only 
does  increase  of  heat  within  the  generator,  or  boiler,  tend  to  con- 
tinue the  process  of  steam  production  within  small  limits,  but  also 
because  the  steam  holds  in  suspension  a  certain  amount  of  un- 
vaporized  liquid  particles.  From  either  or  both  these  causes,  its 
coefficient  of  expansion  is  larger  than  that  of  dry  steam.  That 
is  to  say,  it  undergoes  a  greater  increase  in  potential  volume,  as 
indicated  by  the  consequent  rapid  proportionate  increase  in  pres- 
sure, within  the  generator,  or  heated  receptacle.  Another  point 
of  difference — here  it  is  that  dry  steam  assumes  the  general 
properties  of  permanent  gases — is  that  saturated  steam,  when  a 
certain  high  point  of  pressure  has  been  reached,  tends  to  liquefy ; 
hence  also  preventing  the  heated  water  from  giving  off  any  more 
vapor.  Dry  steam  may  not  be  condensed  by  pressure,  so  long  as 
the  temperature  is  not  lowered.  On  account  of  this  law  of  pres- 
sures, the  evaporation  of  water  by  the  sun,  under  atmospheric 
conditions,  is  less  rapid  than  at  high  temperatures ;  also,  water 
enclosed  in  a  vacuum  tube,  where  it  is  subjected  to  no  pressure, 
theoretically,  may  be  boiled,  producing  vapor,  at  the  temperature 
of  the  human  body  (96**  Fahrenheit). 

The  Law  of  Pressure  and  Volume  of  Oases. — The  physical 
properties  of  gases  in  general  are  defined  by  two  familiar  laws 
— the  first  defining  the  degrees  of  volume  and  pressure  at  con- 
stantly maintained  temperatures ;  the  second,  the  ratio  of  expan- 
sion at  a  constantly  increasing  temperature.  The  first,  known  as 
Boyle's  Law,  states  that  the  volume  of  a  gas  varies  in- 
versely AS  THE  PRESSURE,  SO  LONG  AS  THE  TEMPERATURE 
REMAINS  THE  SAME;  OR,  THE  PRESSURE  OF  A  GAS  IS  PRO- 
PORTIONAL TO  ITS  DENSITY. 

This  law  has  frequently  been  illustrated  by  the  following  ex- 
periment : 

If  we  take  a  hollow  cylinder,  such  as  is  used  on  steam  engines, 
having  a  piston  sliding  airtight  in  its  length,  we  will  find  that  the 
contained  air,  or  other  gas,  is  compressed  in  front  of  the  piston, 
as  it  is  forced  from  one  end  toward  the  other  of  the  base,  and 
that  this  air,  or  gas,  exerts  a  pressure  which  increases  in  ratio  as 
the  volume  is  diminished.    This  fact  may  be  shown  by  inserting 
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in  the  wall  of  the  cylinder  a  tube  containing  an  airtight  piston, 
upon  which  bears  a  spiral  spring  holding  it  normally,  as  at  A; 
the  pressure  there  being  supposedly  equal  on  both  sides  of  the 
piston,  or  equivalent  to  15  pounds  per  square  inch.  11,  now,  the 


FiQ.  337.— DlagntRinuttc  Section  of  k  Cylinder  illUBtratlng  the  compression  and  eipnii- 
Blon  or  gaoes.    This  cyUnaerta  BIImI  wllh  air  at  atmo«uheHc  pressure  which  repre- 

p<»it]on  q|  the  plalon  (iTthe  bdisII  cylinder.  A.  When  the  plHton  of  the  large  cylinder 
lamored  Miroueh  half  the  lencth  of  the  Biroke,  II  shows  WpauniU  pressure,  as  Htiown 
by  the  position  of  the  piston  In  small  cylinder.  B;  when  at  three-quarters  stroke.  W 
pounds,  as  shown  by  position  of  the  piston.  C;  when  at  sevpn-eiKhths  stroke,  IM 
pounds,  as  shown  by  position  of  piston,  D.  At  full  stroke  It  would  be  240  poundii,  the 
aisKram  behind  the  small  ptaton  giving  the  compression  curve  from  15  toMO. 

area  of  this  small  piston  be  exactly  one  square  inch,  and  the 
spring  of  such  a  tension  as  to  move  upward  through  one  of  the 
spaces  between  the  lines  on  the  diagram  behind  the  large  cylin- 
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der  with  each  ten  pounds  of  added  pressure  from  below,  the  re- 
sult will  be  as  follows :  When  the  piston  of  the  large  cylinder  has 
been  pushed  through  one-half  its  length,  the  depression  of  the 
spring  in  the  smaller  one  will  show  that  the  pressure  is  just  twice 
what  it  was  at  the  start,  or  30  pounds.  At  three-quarters  the 
stroke  it  will  show  60  pounds,  and  at  seven-eighths,  120  pounds. 
If  the  four  smaller  cylinders  be  arranged  in  the  wall  of  the  cylin- 


Yia.  238.— A  Typical  Steiun  Engine  Intlici 
right,  within  whiob  wc^ka  &  uifiton  ""■' 
etrtnjrtli.    ~         .....      — .  . 


h.  Tlio rod  allnclieJto tlieplaton  carrlt*  opu'oteil  arm  wlilcii  wih-Im on  II 
ital  lev.T.Hhoii'n  at  tlie  loii  oftlie  rylimler.  tTiIb  lever  ciirrL™  «  (wncll  beurii 
.  llierotatablrdrum.Hliownai  the  tea.  Thin  drum  i»  so  luTanKnl  withaspni 


der,  as  in  the  accompanying  diagram,  the  difference  in  pressure 
at  these  several  points  may  be  graphically  represented.  Then  a 
curve,  drawn  so  as  to  pass  through  the  centre  of  each  of  the 
smaller  pistons,  will  give  an  accurate  average  of  pressure  for 
every  position  of  the  large  piston.  On  the  other  hand,  as  under 
the  operative  conditions  in  a  steam  engine,  it  will  represent  the 
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"curve  of  expansion,"  or  the  decrease  in  pressure  from  the  mo- 
ment of  "cut-oflf,"  when  the  inlet  valve  is  closed  to  the  end  of  the 
stroke,  when  the  exhaust  valve  is  opened.  If,  therefore,  steam  be 
fed  into  the  cylinder  at  200  pounds  pressure  per  square  inch,  and 
the  inlet  be  closed  when  the  piston  has  traversed  one-eighth  of 
the  stroke,  the  pressure  will  stand  at  100  pounds  on  quarter- 
stroke;  at  50  pounds  on  half-stroke,  and,  at  25  pounds  on  the 
point  of  completed  stroke,  which  shows  that  it  is  expanded  four 
times. 

The  Steam  Bns:ine  Indicator  and  Its  Records. — The  action  of 
the  small  cylinders  containing  springs  and  pistons,  as  just  ex- 
plained, very  well  illustrates  the  operation  of  the  steam  indi- 
cator. With  the  simplest  form  of  this  instrument  these  cylinders 
.are  identical,  except  for  a  pencil  carried  on  the  uppermost  end  of 
the  piston  rod,  and  bearing  upon  a  suitable  tablet,  which  is 
moved  backward  and  forward  with  the  stroke  of  the  steam  pis- 
ton. This  is  done  by  attaching  the  long  arm  of  a  reducing  lever 
to  the  crosshead,  and  the  shorter  arm  to  a  link-bar  which  holds 
the  card,  or  tablet,  to  be  inscribed.  The  several  forms  of  the  in- 
dicator most  often  used  at  the  present  day  have  a  rotatable  drum, 
which  is  attached  by  a  cord  to  the  short  arm  of  the  reducing 
lever,  so  as  to  be  turned  in  one  direction;  being  moved  in  the 
other  direction  by  a  contained  spring,  which  rewinds  the  cord, 
so  soon  as  the  lever  arm  moves  backward.  Thus  the  records  of 
a  great  number  of  strokes  may  be  taken  on  one  sheet  of  paper — 
wound  about  the  drum  and  held  on  by  clips — and  there  is  no 
danger  of  interrupting  the  process. 

The  records  thus  made,  by  knowing  the  dimensions  of  the  cyl- 
inder and  the  tension,  or  resisting  strength,  of  the  steam-actu- 
ated spring,  may  be  very  accurately  calculated  for  the  entire 
cycle  of  the  engine. 

The  Temperature  and  Volume  of  Oases  — While  it  will  be 
hardly  necessary  to  go  into  minute  details  regarding  the  laws  of 
gases,  it  will  be  well  to  briefly  state  the  ascertained  conditions  by 
which  the  volume  is  increased  while  the  pressure  remains  con- 
stant. Thus  the  "second  law  of  gases,"  called  Charles'  or  Gay 
Lussac's  law,  states  that  at  constant  pressure  the  volume 

OF  A   GAS    VARIES   WITH    THE   TEMPERATURE,   THE    INCREASE    BE- 
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ING      IN      PROPORTION      TO      THE      CHANGE      OF      TEMPERATURE 

AND  THE  VOLUME  OF  THE  GAS  AT  ZERO.  By  actual  ex- 
periment it  has  been  ascertained  that  a  gas  increases  on  a 
ratio  of  1-493CI  part  of  its  volume  at  32**  Fahrenheit,  with  each 
additional  degree  added  to  its  temperature.  This  places  the  "ab- 
solute zero,"  or  the  point  at  which  a  gas  would  assume  its 
greatest  possible  density  at  —  461°,  Fahrenheit,  or  —  273°, 
Centigrade.  A  higher  degree  of  temperature  within  a  closed  re- 
ceptacle, like  a  steam  boiler,  involves  a  higher  degree  of  pressure 
there,  and  in  the  cylinder  to  which  the  steam  is  fed,  because  of 
the  tendency  to  assume  a  greater  proportional  volume,  al- 
though, because  of  the  several  inevitable  sources  of  lost  heat, 
no  rule  applies  completely  in«the  practical  operation  of  the  steam 
engine. 

Detemiininsr  the  Temperature  From  the  Pressure. — ^Tables 
showing  the  "properties  of  saturated  steam,'*  as  far  as  regards 
the  volume,  temperature,  pressure,  etc.,  are  given  in  the  appen- 
dix, but  the  determination  of  these  points  is  a  matter  of  some 
exactness  of  calculation.  In  order  to  explain  the  process  for  a 
given  diagram,  say  like  the  one  already  found  for  a  cylinder  ex- 
panding i-io  pound  of  steam  from  120  pounds  per  square  inch 
pressure  to  atmosphere,  we  can  do  no  better  than  quote  from 
Forney's  "Catechism  of  the  Locomotive."  He  says :  "If  the  pis- 
ton stand  at  the  point  shown  in  the  previous  figure,  and  i-io 
pound  of  water  be  put  into  the  cylinder,  and  heat  be  applied  to 
it,  it  would  be  necessary  to  heat  the  water  to  212**  before  it  would 
boil.  To  represent  this  heat,  the  vertical  line,  JK,  is  extended 
below  the  horizontal  line,  AJ .  To  heat  i-io  pound  of  water  to 
212*  takes  21.2  units  of  heat," — since  one  unit  of  heat  is  re- 
quired to  raise  one  pound  of  water  at  39°  Fahrenheit  to  one  de- 
gree above — "which  is  laid  off  from  /  to  /'  to  the  scale  repre- 
^sented  by  the  horizontal  lines.  But,  as  is  shown  in  the  table  in 
the  appendix,  after  the  water  begins  to  boil,  96.6  more  units  of 
heat  must  be  added  to  it  to  convert  it  all  into  steam  of  atmos- 
pheric pressure.  This  number  of  units  of  heat  is,  therefore,  laid 
off  from  /'  to  /".  If  the  piston  be  moved  to  £,  the  middle  of  the 
cylinder,  and  i-io  pound  of  water  is  again  put  into  it,  and  it  is  all 
converted  into  steam,  it  will  have  a  pressure  of  30  pounds  per 
square  inch,  as  it  occupies  only  half  the  volume  that  the  same 
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quantity  of  steam  did  before.  To  make  water  boil  under  a  press- 
ure of  30  pounds,  it  must  be  heated  to  a  temperature  of  250.4**, 
which  in  this  case  will  require  25  units  of  heat,  which  is  laid  down 
from  E  to  E\  To  convert  the  water  into  steam,  after  it  begins 
to  boil,  will  require  93.9  more  units  of  heat,  which  is  also  laid 
down  from  E'  to  E''.  In  the  same  way  the  total  heat  to  boil  and 
convert  i-io  pound  of  water  into  steam  at  60  and  120  pounds 
pressure,  as  shown  in  the  appendix,  is  laid  down  on  C  C"  and 
B  R",  and  the  two  curves,  ff  C  E  /'  and  B"  C  E"  J",  are  drawn 
through  the  points  which  have  been  laid  down.  The  vertical  dis- 
tance of  the  one  curve  from  A  J  represents  the  heat  units  re- 
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Fio.  2S9.-  Diagram  showing  the  number  of  heat  units  required  to  raise  one-tenth  pound 
of  steam  under  the  various  pressures  indicated  by  the  position  of  the  piston,  at  full 
stroke,  half  stroke  and  seven-eighths  stroke.  In  using  this  diagram  it  is  necessarv 
to  note  that  the  heat  units  are  calculated  from  — 1°  Fahrenheit,  instead  of  from  9», 
as  is  the  general  rule. 


quired  to  boil  i-io  pound  of  water  at  the  pressures  indicated  by 
the  curve  in  the  previous  figure,  and  the  vertical  distance  of  the 
second  curve  from  A  J  represents  the  total  units  of  heat  re- 
quired to  convert  i-io  pound  of  water  into  steam  of  a  volume  in- 
dicated by  the  horizontal  distance  of  any  point  of  the  curve  from 
A  A'\  and  when  pressure  is  indicated  by  the  expansion  curve 
above.  This  curve  and  the  heat  diagram  may  be  very  conveni- 
ently combined  by  adding  the  latter  below  the  vacuum  line  of  the 
former.  The  relation  of  the  volume  pressure  and  total  heat  is 
thus  shown  very  clearly." 
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The  Practical  Effects  of  Steam  Expansion.  — A  principle  rec- 
ognized as  fundamental  in  steam  engine  practice  is  that  the 
work-produchig,  or  dynamic,  property  of  a  gas  depends  solely 
upon  its  temperature.  This  is,  substantially,  a  statement  of 
Joule's  law,  which  compares  the  temperature  of  a  gas,  enabling  it 
to  exert  a  certain  amount  of  power,  to  the  stored  energy  repre- 
sented in  a  body  of  a  certain  weight  raised  to  a  certain  height 
above  the  ground.  The  body,  in  falling  under  the  force  of 
gravity,  obtains  a  certain  degree  of  acceleration,  constantly  in- 
creasing, by  which  the  weight  falling  through  the  given  distance 
is  transformed  into  a  force  capable  of  producing  a  commensurate 
effect  of  impact  on  reaching  the  earth's  surface.  This  potential 
energy  of  a  substance,  represented  cither  by  an  acquired  tem- 
perature or  some  analogous  physical  condition,  which,  under 
favorable  circumstances,  would  enable  the  production  of  a  defi- 
nite amount  of  work,  is  known  as  '*entropy.''  Could  the  whole 
power  of  a  heated  gas  be  realized  in  its  expansion — ^which  is  to 
say,  could  its  expansion  be  perfectly  "adiabatic,"  or  "isentropic," 
involving  neither  gain  nor  loss  of  heat  in  the  process — we  should 
have  a  theoretically  perfect  expansion  curve  on  the  practical 
steam  engine.  This  is  impossible,  however,  with  the  best  ar- 
rangements yet  contrived.  Hence  it  is  that  the  expansion 
curves  of  all  engines  fall  far  below  what  is  demanded  by  theory 
from  the  original  temperature  and  pressure  of  the  steam,  which 
involves  that  the  final  volume  and  the  actual  work  accom- 
plished are  correspondingly  diminished. 

To  quote  from  an  authority  on  steam  engines,  "as  we  can- 
not take  into  consideration  all  the  conditions  which  govern 
and  modify  the  cycle  of  any  motor,  the  usual  practice  is  to  calcu- 
late the  power  on  the  assumption  that  all  theoretical  conditions 
are  complied  with,  and  then  modify  the  result  by  a  certain  co« 
efficient  of  efficiency  which  practice  has  established  for  the  par- 
ticular type  of  motor  under  consideration." 

The  Indicator  Diag:rani  and  the  Eng^ine  Cycle. — ^The  opera- 
tive efficiency  of  an  engine  may  be  very  well  determined  from 
the  indicator  diagram,  which  gives  a  pictorial  representation  of 
the  internal  conditions  throughout  the  entire  cycle  of  opera- 
tions. As  given  by  a  noted  authority,  already  quoted,  the  dia- 
gram tells  us  eleven  different  things  essential  to  be  known; 
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(i)  It  gives  the  initial  pressure,  or  the  pressure  at  beginning  of 
the  stroke.  (2)  It  tells  whether  the  pressure  is  increased  or  di- 
minished during  the  period  of  admission.  (3)  It  g^ves  the  point 
of  cut-off,  when  the  valve  is  closed  and  expansion  begins.  (4) 
It  indicates  the  rate  and  pressure  of  expansion  during  the  whole 
period  of  expansion.  (5)  It  gives  the  "point  of  release,"  when 
the  exhaust  is  opened.  (6)  It  shows  the  rapidity  of  the  exhaust. 
(7)  It  gives  the  degree  of  back-pressure  on  the  piston,  due  to  the 
exhaust  having  closed,  preventing  further  expansion.  (8)  It 
shows  the  point  of  closing  the  exhaust.  (9)  It  shows  the  com- 
pression of  the  residual  steam  in  the  clearance  after  closing  the 
exhaust.  (10)  It  gives  the  nieah  powei-  used  in  driving  the  en- 
gine.    (11)  It  indicates  any  leakage  of  valves  or  piston. 

I 
I 


i 


Fio.  880.— Diagram  of  the  Cycle  of  a  Steam  Engine.  The  dotted  circle  indicates  the  path 
of  the  crank;  the  arrow,  the  direction  of  rotation.  The  admission  begins  a  little  be- 
fore the  completion  of  the  atrolce;  the  cut-off  is  set  somewhat  less  than  quarter- 
stroke:  release,  or  o|)ening  of  the  exhaust,  at  somewhat  over  half  stroke;  closing  of 
tlie  valve  at  tbe  point  marked  ^'compression/*  after  which  the  steam  behind  the 
piston  is  compressed  in  the  clearance  until  the  opening  of  the  inlet  valve. 

The  cycle  of  operations  in  a  steam  cylinder  consists  of  four 
stages:  (i)  Admission;  (2)  expansion;  (3)  exhaust;  (4)  compres- 
sion. 

The  indicator  card  (Fig.  232),  which  is  drawn  to  illustrate  the 
average  conditions  in  an  efficient  low-pressure  cylinder,  shows 
the  pressures  at  various  points  in  the  cycle.  At  line  i,  the  press- 
ure of  the  steam  in  entering  the  cylinder  is  shown  rising  from 
a  point  of  no  pressure  to  57  pounds,  the  curve  in  the  vertical  line 
indicating  a  back  pressure  of  at  least  three  pounds  at  the  be- 
ginning of  the  admission,  as  shown  by  the  fact  that,  at  line  2,  the 
pressure  stands  at  60  pounds,  and,  at  line  %,  just  after  the  closure 
of  the  admission  valve,  at  58  pounds.    The  engine  from  which 
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this  diagram  is  taken  has  its  cut-off  at  a  point  somewhat  less 
than  quarter  stroke.  After  the  point  of  cut-off,  the  pressure  falls 
steadily,  as  indicated  by  the  droop  of  the  expansion  line,  until 
at  ordinate,  lo,  it  shows  13.75  pounds  to  the  square  inch.  At  this 
point  the  exhaust  valve  is  opened  and  so  continues  during  the 
return  stroke,  while  the  steam  pressure  is  being  exerted  on  the 
opposite  face  of  the  piston,  until  the  pressure  on  that  side  of  the 
piston  is  reduced  to  3  pounds,  absolute. 

The  second  diagram,  an  actual  tracing  from  the  intermediate 
cylinder  of  a  triple  expansion  engine,  gives  a  good  idea  of  the 
appearance  of  an  average  card  for  a  double-acting  cylinder.  As 
will  be  seen,  the  figure  is  nearly  duplicated  in  reversed  position. 


Fio.  S8]  .—The  Cycle  of  a  Steam  Engine,  as  shown  by  the  Indicator  Card.  On  this  tracing, 
the  admission  is  shown  from  A  to  0;  the  cut-off  at  C;  the  expansion  curve  firom  C  to 
R;  the  release,  or  opening  of  the  exhaust,  at  R,  exhaust  continuing  from  R  to  B;  clos- 
ing of  the  exhaust  valve  at  B;  compression  of  the  residual  steam  in  the  cylinder  clear- 
ance, from  B  to  A.  The  figures  on  tne  left-hand  vertical  line  indicate  the  gauge  press- 
ures. This  diagram  shows  the  operative  conditions  in  a  ^*  high-pressure  "  cylinder; 
Fig.  282,  in  a  **  low-pressure  ^^  cylinder. 

It  would  be  identical  if  the  cycular  conditions  were  perfect,  and 
if  the  valve  were  perfectly  adjusted. 

Readini^  an  Indicator  Diagram  — The  simplest  method  of 
reading  a  diagram  is  to  rule  equidistant  lines  from  the  vertical 
initial  pressure  line,  so  as  to  divide  it  into  ten  equal  parts,  or 
areas.  Ordinates,  indicated  by  the  dotted  lines,  are  then  ruled 
between  these,  and  given  a  value  equivalent  to  the  average  of 
pressure  represented  by  the  lines  on  either  side,  as  indicated  by 
the  point  of  contact  with  the  admission  line  and  the  expansion 
curve.  Thus  in  the  single  "low-pressure"  diagram  the  three 
ordinates  ruled  on  the  admission  line  have  each  a  value  of  J7 
pounds,  which  represents  80  pounds  less  3,  back  pressure.  The 
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fourth,  touching  the  expansion  curve  at  the  point  of  57  pounds^ 
is  marked  54  pounds;  and  so  on  to  the  tenth  ordinate.  The 
sum  of  the  ordinates  (449  pounds)  divided  by  this  number  (10), 
gives  44.9  pounds  per  square  inch  as  the  mean  effective  pressure 
throughout  the  cycle,  or  the  average  of  efficient  pressure  ex- 
erted on  the  piston,  while  the  actual  pressure  is  undergoing  a 
steady  fall  from  yy  pounds  to  18  pounds,  absolute*.  In  similar 
fashion  the  diagram  for  both  strokes  is  ruled  off  and  estimated, 
the  figures  at  the  top  of  the  figure  indicating  the  cycle  of  press- 
ure changes  for  the  right-hand  stroke,  those  at  the  bottom  the 
cycle  for  the  left-hand,  or  return,  stroke. 


Fio.  282.— Ideal  Indicator  Card  for  a  low-preesure,  or  oondeming,  en^ne,  showing  the  fall 
of  pressure  helow  the  atmospheric  line.  As  shown  in  this  cut,  the  effective  steam 
pressures  at  the  various  points  in  the  cycle  vary  hetween  a  maximum  of  00  pounds 
and  18.75  pounds  to  the  square  inch  hefore  the  opening  of  the  exhaust.  The  sum  of 
the  ten  figures  for  pressure  is  347.75,  which,  divided  by  10,  gives  84.775,  as  the  expres- 
sion  for  the  mean  effective  pressure.  Because  of  the  use  of  a  condenser  to  reduce  the 
back  pressure,  this  figure  represents  the  actual  effective  working  pressure  less  8 
pounds,  as  indicated  on  the  diagram. 

Pressures  and  Temperatures  of  Steam. — In  order  that  the 
steam-carriage  driver  may  understand  by  a  glance  at  the  gauge 
what  temperature  is  in  his  boiler,  the  following  table  of  ordinary 
pressures  is  given : 

Temperature. 
~  288°  F. 


PreBBure.    Temperature. 
15  lbs.  —  212°  F. 
20  lbs.  - 


25  lbs. 

30  lbs. 

35  lbs. 

40  lbs. 

45  lbs. 


—  275 


228**  F. 
241°  F. 
252**  F. 
261*'  F. 
268°  F. 
*»  F. 


50  lbs.  —  282°  F. 


Pressure. 

55  ^•>s. 
60  lbs. 
65  lbs. 
70  lbs. 
75  lbs. 
80  lbs. 
85  lbs. 
90  lbs. 


-  294" 
-299° 

-  304° 

-  309° 

-  313° 

-  316° 

-  322° 


F. 
F. 
F. 
F. 
F. 
F. 
F. 


Pressure. 
100  lbs. 
105  lbs. 
120  lbs. 
135  lbs. 
150  lbs. 


Temperature. 

-  330°  F. 

-  333''  F. 

o 


—  343^  F. 

—  352°  F. 

—  362**  F. 
165  lbs.  —  369°  F. 
180  lbs.  —  375°  F. 
195  lbs.  —  383°  F. 
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Power  Estimates  from  the  Steam  Consumption, — Referfing 

to  the  tables  on  the  properties  of  saturated  steam,  given  in  the 
appendix,  we  find  a  means  of  determining  the  power  capacity  of 
the  engine  from  the  diagram.  Thus,  taking  the  initial  pressure 
in  the  cylinder,  J^  pounds,  we  find  it  equivalent  to  a  tempera- 
ture of  309.3*,  Fahrenheit  ;  taking  the  final  pressure,  18  pounds^ 
we  find  it  equivalent  to  a  temperature  of  2224°,  Fahrenheit,  and, 
the  mean  eflfective  pressure,  44.9  pounds,  to  about  274'.  This 
temperature  represents  about  1197.4  heat  units  per  pound  of 
water,  which  is  equivalent  to  924,392.8  foot-pounds;  estimating 
772  foot-pounds  per  thermal  unit.    Therefore,  a  cylinder,  such 


diagram  for 


,70  4- IBS -313.70. 


bhs  intermediate  presmre  cylinder  of  iv  triple  expanalon  engine, 
aauTB  aX,  the  vwious  poliita  Id  the  oycle.  Thla  is  an  ayersce  good 
dor.    The  mean  erTeetLn         -  ^    -  •-' 


as  is  mentioned  in  the  quotation  from  Forney,  which  can  con- 
tain one-tenth  pound  of  steam  per  stroke  at  a  mean  pressure  of, 
say  44.9  pounds,  as  per  above  diagram,  will  develop  at  200 
revolutions,  or  400  strokes,  per  minute,  a  horse-power  shown  by 
the  following  formula : 

93439.28x400 


33,000 


-=1120.48. 


Elements  in  Estimates  on  Horse-Power. — As  a  moment's 
reflection  will  readily  reveal,  the  elements  entering  into  the  es- 
timate of  an  engine's  horse-power  are  the  effective  temperature 
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of  the  Steam,  as  indicated  by  the  mean  pressure  throughout  the 
stroke;  the  content  of  the  cylinder,  as  indicated  by  the  length 
of  the  stroke  and  the  area  of  the  piston ;  and  the  number  of  revo- 
lutions per  minute.  The  product  found  by  multiplying  these 
factors  will  give  the  number  of  foot-pounds  made  available; 
which  expression,  divided  by  33,000,  gives  the  indicated  horse- 
power. 

The  denominator,  33,000,  expresses  the  number  of  foot- 
pounds per  minute  in  a  horse-power.  Thus,  a  horse-power  is 
such  a  force  as  can  lift  a  weight  of  one  pound  through  550  feet 
in  each  second,  or,  such  as  can  lift  a  weight  of  550  pounds 
through  one  foot  in  each  second.  This  force  constantly  exerted 
through  one  minute,  or  sixty  seconds,  can  lift  33,000  pounds 
through  one  foot,  or  one  pound  through  33,000  feet.  Since, 
however,  the  action  involves  motion,  it  is  cumulative  in  both 
time  and  space ;  requiring  an  increased  area  of  operating  surface, 
or  an  increased  length  of  time,  or  both,  to  accomplish  work  in 
excess  of  the  figures  given.  Thus,  an  engine  exerting  pre- 
cisely one  effective  horse-power  can  raise  10  pounds  through 
^^y  3»300  feet  per  minute,  or  55  feet  per  second,  and  requires 
10  minutes  or  600  seconds,  to  raise  330,000  pounds  through  the 
vertical  distance  of  one  foot.  To  so  enlarge  the  capacity  of  an 
engine  that  it  can  do  ten  times  the  indicated  amount  of  work 
in  a  given  space  of  time,  or,  so  that  it  can  do  the  indicated 
amount  of  work  in  one-tenth  that  given  time,  involves  that  tlve 
cubic  content  of  its  operating  chamber,  or  cylinder,  be  propor- 
tionally increased,  in  order  that  ten  times  the  amount  of  steam 
may  be  utilized  in  a  given  time,  or  for  the  accomplishment  of  a 
given  work  at  each  stroke  of  the  piston.  For  it  is  evident  that  a 
mean  effective  pressure  of  45  pounds  per  square  inch  means  90 
pounds  available  pressure  with  a  piston  area  of  two  square 
inches;  180  pounds  available  pressure  with  a  piston  area  of  four 
square  inches,  and  22.5  pounds  available  pressure  with  a  piston 
area  of  1-2  square  inch. 

First  Rule  for  Calculating:  Horse-Power.— On  the  basis  of 
these  evident  principles,  two  simple  rules  may  be  derived  for 
calculating  the  indicated  horse-power.  This,  however,  is  always 
in  excess  of  the  actual  efficient  horse-power,  as  will  be  subse- 
quently   explained.     While    there    are    numerous    formulae  for 
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determining    this    point,    one    of    the    most    familiar    is    as 

follows : 

(a)  Find  the  area  of  the  piston  by  multiplying  the  square  of  a 
radius  in  inches  by  3.14159  (ratio  between  circumference  and 
diameter). 

(fr)  Find  the  pressure  in  pounds  on  the  piston  by  multiplying 
the  area  by  the  mean  pressure  per  square  inch. 

(c)  Find  the  length  in  feet  traveled  by  the  piston  per  minute, 
by  multiplying  the  length  of  the  stroke  in  feet,  or  fractions  of  a 
foot,  by  twice  the  number  of  ascertained  revolutions  of  the  crank 
shaft  per  minute.  This  equals  the  number  of  strokes  per  minute 
for  a  double-acting  cylinder. 

((f)  Find  the  foot-pounds  available  during  the  given  space  of 
time  (one  minute)  by  multiplying  the  pressure,  in  pounds,  by  the 
length  traveled  by  the  piston,  in  feet. 

(e)  Find  the  I.  H.  P.  (indicated  horse-power)  by  dividing  this 
last  product  by  33,000. 

The  formula  is:       PLAN        tttt» 

33,000     —  ^•^•^•> 

P  being  equivalent  to  the  M.E.P.  (mean  effective  pressure)  in 
pounds  per  square  inch. 

L  being  equivalent  to  the  length  of  the  stroke  in  terms  of  feet. 

A  being  equivalent  to  the  area  of  the  piston  in  square  inches. 

N  being  equivalent  to  the  number  of  strokes  of  the  piston,  or 
twice  the  number  of  revolutions  of  the  crank-shaft,  per  minute. 

The  element  of  speed,  as  expressed  in  terms  of  strokes,  or 
revolutions,  per  minute,  is  important,  and  fundamental,  in  es- 
timates on  power,  since,  as  must  be  evident  from  what  has  al- 
ready been  said,  the  superior  power-capacity  of  one  engine  over 
another  consists  principally  in  being  able  to  do,  for  example, 
ten  times  the  work  in  a  given  time,  or  to  do  the  same  work  ten 
times  as  fast.  Therefore,  an  engine  that  can  propel  a  given  mass 
and  weight  of  machinery  at  300  revolutions  of  its  crank-shaft 
and  fly-wheel,  per  minute,  is  evidently  three  times  more  power- 
ful than  another  engine  which  can  move  the  same  mass  and 
weight  of  machinery  at  only  100  revolutions  per  minute.  Con- 
sequently, in  forming  the  expression  for  the  horse-power  ratio 
of  any  given  engine,  the  other  essential  factors  of  the  numera- 
tor are  to  be  increased,  as  the  number  of  times  per  minute  the 
engine  performs  its  complete  cycle. 
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The  rican  Effective  Pressure. — ^The  mean  effective  pressure 
(M.E.P.)  may  be  calculated  from  the  indicator  diagram,  as 
above  explained,  but  it  may  also  be  found  by  knowing  the  initial 
steam  pressure  in  the  cylinder  and  the  point  of  cut-off.  Thus, 
as  given  in  the  table,  entitled,  "To  find  the  M.  E.  P.  of  a  Steam 
Engine,"  included  in  the  appendix,  we  may  take  any  initial 
pressure  given  in  the  first  column,  and  follow  the  horizontal  dis- 
tance to  the  column  corresponding  to  the  number  of  times  the 
steam  is  expanded.  Thus  if  the  initial  pressure  be  150  pounds, 
and  the  steam  be  expanded  five  times,  we  have  a  mean  effective 
pressure  of  78.30  pounds  absolute,  which,  if  the  engine  ex- 
hausts to  atmosphere,  must  be  diminished  by  15,  representing 
the  back-pressure,  giving  63.30. 

To  apply  the  formula  given  above  to  the  calculation  of  an  en- 
gine of,  say,  three  inches  piston  diameter;  four  inches  stroke; 
63.3  mean  effective  pressure,  and  200  revolutions  per  minute,  we 
have: 

63. 3  X .  333  X  7. 0686  X  400  _  ^  gQ  j   h   p 
33,000 

In  this  expression  63.3  represents  the  M.E.P.  calculated  as 
above;  .333,  the  fractional  expression  in  terms  of  one  foot  for 
four  inches ;  7.0686,  the  area  of  a  circle  whose  diameter  is  three 
inches ;  and  400,  the  number  of  strokes  per  minute  for  a  double 
acting  cylinder  at  200  revolutions  of  the  crank-shaft.  The  result 
is,  approximately,  two  horse-power,  which,  multiplied  by  2  to 
represent  the  two  cylinders,  as  in  most  steam  carriage  engines, 
gives  an  indicated  horse-power  of  about  four,  which  is  fairly 
representative. 

5econd  Rule  for  Calculating  Horse-Power. — A  second  rule 
for  computing  the  horse-power  of  a  steam  engine  gives  the  prod- 
uct of: 

(a)  The  square  of  the  piston  diameter. 

(6)  The  length  of  the  stroke  in  feet. 

(c)  The  number  of  strokes  per  minute. 

(rf)  The  M.  E.  P.  per  square  inch. 

(^)  Tlir  coffsfaafc,  .0000238. 

Computing  for  the  engine  mentioned  above,  we  have: 

9X. 333  X400x  63.3  X. 0000238=1.80-1-. 


CHAPTER   EIGHTEEN. 

CONSTRUCTION  AND   OPERATION  OF  A  STEAM   ENGINE. 

The  51ide  Valves  of  a  Steam  Cylinder.— The  mechanism  by 
which  steam  is  admitted  to  the  cyHnder  of  a  steam  engine,  con- 
sists of  a  sliding  valve  of  such  a  shape  as  to  open  communication 
from  one  end  of  the  cylinder  to  the  exhaust,  while  the  other  end 
of  the  cylinder  is  receiving  steam  direct  from  the  steam  chest. 
This  will  be  readily  understood  from  the  accompanying  illus- 
tration. There  are  two  kinds  of  valves  in  common  use  on  steam 
carriage  engines ;  the  common  D-valve  shown  herewith,  and  the 
piston  valve,  as  sh'own  in  a  number  of  engines  hereafter  to  be 
described.  The  object  obtained  by  both  valves  is  the  same,  al- 
though the  piston  valve  is  preferred  by  many  engineers  because 
it  is  better  balanced  in  its  operation,  and  also  because^  owing 


Fia.  284.~81ide  Valve  of  a  Steam  Engine,  showing  position  after  cutoff  of  Bteam  from 
right-hand  end  of  cylinder,  the  exhaust  continuing  full  from  the  left-hand  end. 

to  its  packing  rings,  it  is  less  liable  to  leakage.  However,  with  a 
well-made  valve  of  either  variety,  the  ends  of  economy  and 
durability  are  equally  maintained. 

The  Piston  of  a  Steam  Ens^ine. — ^The  piston  of  a  steam  engine, 
as  shown  in  an  accompanying  figure,  usually  consists  of  a  flat- 
tened cylindrical  piece  of  slightly  smaller  diameter  than  the  bore 
of  the  cylinder,  in  which  it  slides.  Steam-tight  contact  is  ob- 
tained by  springing  packing  rings  into  grooves  cut  in  its  cir- 
cumference. The  accompanying  cut  shows  three  such  rings 
sprung  on  the  piston.  The  steam  admitted  through  the  inlet 
valve  bears  upon  one  face  of  the  piston,  and  by  its  expansive 
energy  causes  the  piston  to  move.     As  may  be  understood, 
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however,  from  the  fact  that  the  piston  rod  is  attached  to  one  face 
of  the  piston,  the  bearing  surface  of  the  steam  is  decreased  as 
the  area  of  the  rod.  This  item  must  be  considered  in  exact  cal- 
culations on  engine  horse-power,  although  tor  ordinary  pur- 
poses it  is  negligible. 

The  Operation  of  tbe  Slide  Valve. — The  valve  controlling  the 
inlet  and  exhaust  ports  of  a  steam  cylinder  is  made  of  such 
length  that,  when  in  mid-position,  it  completely  closes  both 
inlet  ports,  neither  admitting  steam  nor  allowing  it  to  be 
exhausted.  In  the  valve  shown  on  the  accompanying  sec- 
tional cut,  it  is  evident  that,  supposing  it  to  be  moved 
either  to  the  right  or  to  the  left,  the  communication  will  be 
opened  with  the  exhaust  port  on  the  one  side,  sooner  than  with 
the  steam  chest  on  the  other,  thus  permitting  with  a  very  slight 


BMsm  en^ne.  ihowlns  method  of  oononot- 
e  packing  rings.  Tbe  parU  are:  a,  a,  th« 
e  bearLDg  the  pocklnfi:  rLags;  c,  c,  tbe  cen^ 

variation  in  the  length  of  the  stroke,  that  the  exhaust  remain 
open  even  while  the  inlet  of  the  steam  to  the  opposite  face  of  the 
piston  is  cut  off.  In  calculating  the  operation  of  cylinder  valves 
there  are  two  important  items  to  be  considered — the  "lap"  and 
the  "lead"  of  the  valves.  The  "lead"  of  a  valve  is  the  amount 
by  which  the  steam  port  is  open  when  the  piston  is  at  the  begin- 
ning of  the  stroke.  According  as  this  is  more  or  less  the  inlet 
of  steam  is  varied  through  the  several  fractions  of  the  stroke. 
The  lead  may  be  changed  either  by  cutting  down  the  lap  of  the 
valve,  or  by  varying  the  stroke  length  of  the  valve  and  its  rod. 
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The  "lap"  of  a  valve  indicates  any  portion  added  to  the  length 
of  the  valve,  so  as  to  increase  the  portion  of  the  stroke  during 
which  the  ports  are  covered,  beyond  that  length  which  is  posi- 
tively required  to  insure  the  closing  of  all  ports  when  the  valve 
is  in  mid-position.  There  are  two  kinds  of  "lap."  The  "outside 
lap*'  is  any  portion  added  to  the  length  of  the  valve  beyond  that 
necessary  to  cover  both  inlet  ports  at  mid-position.  The  "in- 
side lap"  is  any  portion  added  to  the  hollow  or  inside  portion  of 
the  D-valve,  over  and  above  what  is  necessary  in  order  to  cover 
the  inner  edges  of  the  steam  ports,  and  to  close  the  exhaust  port 
from  both  sides  when  the  valve  is  in  mid-position. 


Fio.  886.— Diaf?ramB  lUustrating  the  "  Lap"  and  "  Lead  "  of  a  Steam  Cylinder  Slide  Valve. 
In  both  sections,  8  and  S  are  the  steam  ports,  and  D  the  exhaust.  The  upper  section 
illustrates  the  "laps**  of  a  valve;  the  space  between  the  lines  C  and  JL  g^vin^  the 
"  outside  lap/*  and  between  the  lines  X  and  I  the  "*•  inside  lap/*  The  lower  section 
illustrates  the  **  lead  **  of  a  valve;  the  space  between  lines  B  and  Y  showing  the  open- 
ing of  the  valve  at  the  beginning  of  the  right-hand  stroke. 

As  already  suggested  in  the  previous  chapter,  the  exhaust 
valve  is  closed  somewhat  before  the  completion  of  the  stroke, 
thus  allowing  the  residual  steam  in  the  clearance  to  be  com- 
pressed somewhat  before  the  opening  of  the  inlet.  The  most 
important  result  obtained  in  this  manner  is  that  the  compression 
produces  a  temperature,  as  near  as  possible,  the  same  as  that 
of  the  incoming  steam,  which  is  an  efficient  factor  in  heat 
economy,  althoueh  producing  some  back  pressure  that  slightly 
reduces  the  M.  E.  P.  Another  important  consideration  is  that 
a  soft  cushion  is  thus  provided  for  the  forward-moving  piston, 
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which  acts  to  save  unnecessary  wear  on  the  crank  and  other  mov- 
ing parts,  as  is  most  essential  in  a  small  engine. 

From  the  operations  of  this  valve  and  cylinder,  it  must  be 
evident  that  its  stroke  cannot  be  equal  to  that  of  the  piston  in 
the  main  cylinder.  It  cannot,  therefore,  be  operated  direct  from 
the  crank-shaft  of  the  engine.  Accordingly,  the  most  usual 
method  of  operating  the  steam  valves  of  an  engine  is  by  an 
eccentric  on  the  main  shaft,  which  operates  the  valve  rod.  This 
device  may  be  either  a  single  or  double  eccentric,  according  to 
the  requirements,  but  when  ready  reversal  of  the  engine's  mo- 
tion is  desired,  as  in  the  case  of  a  locomotive  or  marine  engine, 
the  double  eccentric  with  the  shifting,  or  Stephenson,  link  is  most 
generally  used. 


a,(bepH:l[lnEelBnd;c,thepl«oii  rod :  E,  the eihaiut  port ;  SuidS.thesteun  portH^ 
T,  the  allde  valve;  ».  »,  the  packing  Bland,  held  In  place  by  screWB  Id  Ibis  engine. 

Tb*  Eccentric  Gear  and  Link  notion— An  eccentric  is 
a  circular  piece  of  metal,  a  wheel  In  fact,  except  for  the  fact  that 
instead  of  turning  upon  its  centre,  it  is  attached  to  the  shaft  at 
a  point  near  its  periphery.  Around  this  disc-shaped  piece  is 
attached  a  circular  metal  strap,  joined  to  a  rod,  which  may  be 
either  attached  direct  to  the  valve  rod,  or,  where  two  eccentrics 
are  used,  to  one  end  of  the  swinging  link.  The  link  is  an  arc- 
shaped  metal  piece,  usually  made  with  a  slot  through  the  greater 
part  of  its  length.  It  is  hung  from  its  centre  point  to  a  link- 
saddle,  which,  as  shown  in  the  accompanying  figure,  is  bolted 
to  either  side  of  the  slot  and  is  suspended  from  the  link-hanger 
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either  above  or  below.  Within  the  slot  is  set  a  link-block,  as 
il  is  called,  so  that  it  may  slide  in  the  slot  through  its  entire 
length,  whenever  the  link  is  raised  or  lowered  on  its  hanger. 
To  this  link-btock  is  attached  the  valve  rod.  The  general  ar- 
rangements of  the  link  motion  may  be  understood  from  the 
accompanying  illustration. 

The  Operation  of  the    Shifting   Link As  already  stated, 

the  link  motion  was  originally  intended  only  for  reversing  the 
engine,  which  is  to  say  to  enable  the  steam  to  be  cut  off  from 


IP  Link  Molion  and  Eccentric  Gear  of  t,  SliMlni  Eni^ne.  Tho  parU 


lo  the  engine 


one  side  of  the  cylinder  and  admitted  to  the  other,  whenever  de- 
sired, by  shifting  the  motion  of  the  slide-valve.  In  addition  to 
this  function,  however,  the  link  motion  provides  a  means  for 
using  the  steam  expansively,  when  cutting  off  the  supply  of  live 
steam  at  any  earlier  point  in  the  piston  stroke,  which  act  is  ac- 
complished by  reducing  the  travel  of  (he  slide-valve.  When 
the  link-block  is  at  one  end  of  the  slot,  the  valve  receives  the 
motion  of  the  eccentric  rod  attached  to  that  end  of  the  link,  and, 
consequently,  since  the  links  arc  set  at  angles  somewhat  greater 
than  i8o  degrees,  the  one  is  for  the  forward  motion  of  the  en- 
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gine,  the  other  for  the  reversed  motion.  In  the  accompanying 
illustration,  the  backward  eccentric  is  in  gear.  By  this  means, 
whenever  the  link  is  shifted,  only  the  eccentric  whose  rod  stands 
opposite  the  link-block  imparts  its  motion  to  the  valve.  The 
other  is  practically  inactive,  except  (or  imparting  a  slight  oscil- 
latory motion  to  the  link,  which  in  general  practice  is  negligible. 
The  link  which  is  in  gear  acts,  in  reality,  like  a  short-throw 
crank,  or  as  if  it  were  a  single  eccentric.  From  the  position  of 
"full-gear" — that  is,  when  the  link-block  stands  at  either  end  of 
the  slot — the  travel  of  the  valve  may  be  more  or  less  modified 
until  the  centre  point  of  the  slot  is  reached,  which  point  is  called 


C.-(Ej 


Fio.  ass  -DlBenm  of  the  Operation  of  the  Unk  Uotion,    Tlie 


eccentric  rods 


id  dead  centre.^  I 


ed  by  Ihe  rods 


I  lup,  plus  twice  the  I 
elng  crixsed,  when  il 


mid-gear.  There  the  travel  in  either  direction  is  so  slight  that 
the  steam  and  exhaust  ports  of  the  cylinder  are  not  opened.  This 
is  in  reality  the  "dead  point,"  and  further  shifting  of  the  link 
n  the  same  direction  begins  the  process  of  reversing  by  increas- 
ng  the  travel  of  the  valve  in  the  opposite  direction.  When  at 
mid-gear  the  valve  partakes  of  the  motion  of  both  eccentrics 
equally,  but  since  their  motion  describes  a  casslnian,  or  flattened 
figure  8,  laid  on  its  side,  of  which  the  link-block  is  the  centre,  the 
motion  is  at  its  point.  Although  this  general  movement  is  con- 
tinued so  long  as  the  engine  is  in  operation,  it  is  reduced  to  prac- 
tical zero  at  the  link-block  set  at  full  gear. 
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When  the  link  is  at  full  gear,  the  travel  of  the  valve  is  equal 
to  twice  the  throw  of  the  eccentric,  less  the  angularity  of  the 
eccentric  rod.  When  the  link  is  at  mid-gear,  the  travel  of  the 
valve  is  equal  to  twice  the  lap  and  lead  of  the  valve,  plus  twice 
the  angularity  of  the  eccentric  rods.    By  the  angularity  of  the 


t    • 


Open   Rocfg 


-^ 


Fio.  840.— Dia^am  showing  the  positions  of  the  eccentric  throws  and  rods  at  full  gear 
and  mid-gear,  when  the  rods  are  *'  open  '^  and  *'  crossed ''  with  the  crank  at  the  for- 
ward  defl^  centre,  marked  1  in  the  previous  cut. 

eccentric  rods  is  meant  the  distance  the  centre  of  the  link  or  the 
valve  would  move,  should  the  rod  of  the  geared  eccentric  be 
disconnected  from  it  and  connected  with  the  other  link.  The 
amount  of  the  angularity  thus,  of  course,  varies  with  the  length 
of  the  rods.    The  shorter  the  rods,  the  greater  the  travel  of  the 
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valve,  owing  to  the  crossing  of  the  rods  during  a  one-half  revo- 
lution of  the  crank.  When  the  eccentric  rods  of  a  direct  con- 
nected link  motion  are  disposed  as  shown  in  the  accompanying 
diagram,  and  the  link  motion  and  gear  of  the  crank  is  at  the 
dead  point  marked  i,  the  rods  are  said  to  be  open.  If  they  are 
disposed  as  shown  by  the  dotted  lines  in  the  same  figure,  and 
the  crank  is  at  the  dead  point,  2,  they  are  said  to  be  crossed. 
There  is,  however,  an  important  difference  in  the  operation  in- 
volved in  the  relative  positions  of  the  rods  to  the  crank,  as  shown 
by  the  travel  of  the  steam  valve,  since  rods  which  are  open  at 
the  specified  point  give  an  increasing  lead  from  full-gear  towards 
mid-gear,  while  rods  crossed  at  that  point  give  a  decreasing 
lead  in  the  same  direction.     Variation  of  lead  from  full-gear 


Flo.  241.— Diagram  with  a  single  eccentric,  illustrating  the  position  of  the  steam  valre, 
when  the  crank  pin  is  at  the  forward  dead  centre,  the  tnrow  of  the  eccentric  being 
at  an  angle  off  tne  perpendicular.    The  arrows  show  the  direction  of  motion. 

to  mid-gear  is  due  to  the  curvature  of  the  link-arc,  and  for  a 
link  of  short  radius  is  more  pronounced  than  for  a  link  of  longer 
radius.  As  a  general  rule,  the  radius  of  the  link  is  equal  to  the 
length  of  the  eccentric  rod. 

The  Practical  Expansion  Ratio  for  Steam. — In  the  practical 
operation  of  the  steam  engine,  as  most  generally  understood, 
the  steam  is  fed  direct  from  the  boiler  to  the  cylinder,  there  ex- 
panding from  its  original  pressure  to  a  number  of  volumes,  pro- 
portioned to  the  length  of  the  stroke  and  point  of  cut-oflF.  The 
idea  of  cutting  off  the  supply  of  steam  before  the  completion  of 
the  stroke,  and  making  use  of  its  expansive  energy  during  the 
remaining  portion,  constitutes,  as  we  have  seen,  the  first  im- 
provement made  by  Watt.  According  to  Boyle's  Law,  already 
quoted,  the  pressure  of  the  steam  is  in  exactly  inverse  ratio  to 
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its  expansion,  which  is  to  say  that  when  a  body  of  steam  is  ex- 
panded to  twice  its  original  volume,  it  should  have  just  one-half 
its  original  pressure,  so  long  as  the  temperature  be  constant. 
This  law  is  never  exactly  followed  in  practice,  the  general  rule, 
as  shown  by  indicator  diagrams,  being  a  rapid  fall  during  the 
first  period  of  expansion  and  a  more  gradual  one  in  the  latter 


^^ 


Fio.  342.— Diagram  of  a  "  Cross  Compound  ^'  Steam  Engine.  The  cranks,  C  and  C,  are  at 
90°.  The  high-pressure  steam  port  is  at  S;  the  H.  P.  exhaust  to  L.  F.  cylinder  at  R, 
and  the  exhaust  to  atmosphere  from  the  low-pressure  cylinder,  at  E. 

period.  However,  for  general  purposes,  the  law  is  assumed  to 
be  perfectly  operative,  and  the  rule  for  calculating  the  pressure 
at  any  point  of  expansion,  is  to  divide  the  original  absolute  pres- 
sure by  the  number  of  times  it  has  expanded.  Thus,  steam  fed 
to  a  cylinder  at  lOO  pounds  gauge,  or  115  pounds  absolute,  has 
a  pressure  of  57^  pounds  when  expanded  to  two  volumes,  a 
pressure  of  38  1-3  pounds  when  expanded  to  three  volumes  and 
a  pressure  of  28J  pounds  when  expanded  to  four  volumes.  It 
would,  therefore,  require  as  many  expansions  to  reduce  the 
gauge  pressure  of  100  pounds  to  atmosphere,  as  15  is  contained 
in  115,  which  is  7  2-3  times.  If  the  flow  of  steam  to  the  cylinder 
be  cut  oflf  at  one-half  stroke,  it  has  been  ascertained  by  nu- 
merous experiments,  that  its  efficiency  will  be  increased  i   1-7 
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times  what  it  would  have  been  if  the  steam  at  the  same  point 
has  been  released  into  atmosphere.  The  following  table  gives  the 
efficiency  of  steam  cut  off  at  various  other  points  of  the  stroke : 

Cutting  off  at  X^  stroke  increases  efficiency  3.3  times. 

.1         ..     ^^      .«  ..  *.       26     «. 

"  "        iV         "  "  "  2.2         ** 

<<  ..  I  «  .<  a  I  g3       n 

..        ^^  o  <.  ..  I  32       «« 

«.   ^6^    <i        «  <i     I  50   .. 

f<       II    ^     <i        II  11     j^^   II 

<<      II    li^         «*       II         i«     T  oe   '* 

l<  (I  A  <l  l<  <<  T      28  " 

These  figures  give  a  general  idea  of  the  economy  gained  by 
the  practice  of  cutting  off  the  steam  at  various  points  of  the 
stroke,  but,  as  is  evident,  the  end  of  economy  is  obtained  by 
altering  the  final  pressure  in  the  cylinder,  and,  consequently,  also 
the  mean  effective  pressure  throughout  the  entire  cycle.  If, 
therefore,  we  wish  to  utilize  the  full  power  of  any  given  boiler 
pressure,  the  end  of  combined  economy  and  high  efficiency  is  far 
better  attained  by  the  operation  known  as  compounding. 

Limits   of  Varying  the  Valve  flotion  by  the  Linlc. — On 

the  question  of  the  practical  limits  of  varying  the  cut-off  of  the 
valve,  by  varying  the  motion  on  the  link,  authorities  seem  to 
vary  in  regard  to  the  steam  engines  used  on  carriages.  Several 
manufacturers,  however,  use  a  notched  quadrant  for  enabling 
the  driver  to  shift  the  link,  as  desired,  and  with  apparently  good 
results,  in  spite  of  the  oft-repeated  claim  that  the  engine  of  a 
steam  carriage  is  too  small  to  allow  of  a  very  wide  variation  in 
this  respect.  On  the  authority  of  one  or  two  practical  steam- 
carriage  drivers,  whose  opinions  have  appeared  in  print,  it  may 
be  stated  that  some  advantage  in  point  of  steam  economy  has 
been  achieved  by  varying  the  cut-off  from,  say,  seven-eighths 
to  one-half  stroke  on  a  level  roadway.  The  majority  opinion 
has  it,  however,  that,  although  some  saving  may  be  achieved 
in  this  direction,  proper  care  and  management  of  the  motor  and 
parts  attain  the  end  far  more  effectively:  since  the  strain  on 
the      driving     mechanism      incident     to      shifting     the      link 
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increases  wear  and  tear  in  an  even  greater  proportion  than 
the  gain  in  steam  saving.  In  short,  the  situation  seems  to  be 
that  a  small  steam  motor  requires  a  fly  wheel  to  compensate  for 
the  jar  resulting  from  frequent  shifting  of  the  steam  inlet. 

On  Compounding  a  Steam  Engine. — ^A  compound  engine 
is  one  in  which  the  steam  is  used  several  times  over  in  as  many 
separate  cylinders,  although  usually  applied  to  engines  operating 
with  two  cylinders.  The  steam  is  fed  from  the  boiler  direct  to 
the  first  cylinder,  in  which  it  is  cut  oflF  late  in  stroke,  in  ordc  that 
its  pressure  may  be  utilized  to  the  greatest  possible  extent  The 
exhaust  from  this  cylinder  is  then  fed  into  the  second  cylinder, 
generally  two  or  three  times  the  cubic  contents  of  the  first,  and 
is  worked  expansively  to  a  point  as  near  atmospheric  pressure 
as  possible.  The  most  practical  and  efficient  application  of  this 
principle  is  in  the  triple  and  quadruple  expansion  engines,  so 
largely  used  in  marine  work,  which,  in  connection  with  the 
vacuum-producing  condenser,  allows  the  steam  to  be  worked 
from  the  highest  available  pressure  down  to  practical  zero. 
There  are  two  common  forms  of  compound  engines  of  two  or 
three  cylinders,  which  from  the  arrangements  of  the  working 
parts,  are  known  as  "tandem-compound"  and  cross-compound." 
In  the  tandem-compound  engine,  the  cylinders  are  placed  end 
to  end,  the  several  pistons  operating  one  piston  rod.  In  the 
cross-compound  engine  the  cylinders  are  placed  side  by  side, 
the  two  or  more  piston  rods  operating  on  a  single  crank-shaft. 
The  latter  model  is  that  most  frequently  used  in  compounding 
steam  engines  for  motor  vehicles. 


CHAPTER    NINETEEN. 
SIMPLE  STEAM   CARRIAGE   ENGINES. 

American  Steam  Carriage  Engines. — In  the  particular  con- 
struction of  steam  engines  for  use  on  motor  road  carriages  there 
has  been  almost  as  much  variety  of  design  as  in  the  other 
branches  we  have  already  noticed.  We  may  say,  however,  that 
the  typical  engine  for  steam  carriages,  as  constructed  in  America, 
is  the  two-cylinder,  double-acting  engine,  reversible  with  the 
Stephenson  link  motion.  The  high  perfection  to  which  these 
engines  have  been  brought  in  America  enables  the  construction 


FlO.  MS.—Cnnk  Shaft  of  the  "  Locomobile"  Bt«ani  Carriage,  ahowin^  the  crulu  at  both 
ends,  the  ball  bearings  and  ecceutrlca,  and  the  sprocket  at  the  centre.  Moat  Bt«am 
carriage  engine*  have  Himllarly  arranEed  crank  sbarta,  although  with  several  makea 
the  entire  mechanism  Is  larDoi  (roni  one  solid  casting. 

of  very  small  motors,  and  the  production  of  a  high  percentage 
of  power.  As  a  usual  thing  such  engines  work  simple,  but  sev- 
eral excellent  types  of  the  American  steam  carriage,  such  as  the 
McKay  and  the  Steams,  are  equipped  with  compound  engines, 
which,  however,  may  be  run  simple  when  the  extra  power  is 
required,  as,  for  instance,  when  ascending  steep  grades,  or  run- 
ning through  unusually  heavy  roads,  A  few  steam  carriages, 
notably  the  Reading  carriage,  are  also  equipped  with  single- 
acting  multiple  cylinder  engines,  which  combine  peculiarly  in- 
genious devices  for  effecting  reversal  and  controlling  the  valve 
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gear.  Single-acting  steam  engines,  with  from  two  to  six  cylin- 
ders, have  also  been  brought  to  high  perfection  in  Europe,  being 
most  familiar  in  the  Gardner-SerpolUt  carriages. 


Fn.  345.— INagram  of  the  "Locomobile"  Bteam  Corrtue.  sbowlne  parts  In  position, 
is  the  boiler  sbeil  or  copper;  a,  the  winning  of  Bteel^nno  wire:%,  the  double  cylini 


i;  C,  the  adjutilable  strut,  or  distance  rod:  D.  tha  cmnpEnBAtlnE  Kear:  E,  pipe 
;  from  enj^ne  to  muffler.  F,  for  exhaust  iteam;  Q.  pipe  leading:  from  mufflerlo 


Tent  at  H;  1.  the  water  supply  tknk;  J,  feed  pump  'n| 

bead;  K,cock  in  front  of  eheck  valve  oii  water  supply  \ 

from  the  tank ;  L,  pipe  leading  from 

the  by-paas;  O,  fuel  supply  tank ;  p. 

prenure  gauge;  B,  pipe  leading  tron: 

pasted  under  air  pressure:  T,  metal  s 

A;  V,  tbe  dlapbra^m  fuel  feed  regui 

pipe  leading  steam  from  boiler  to  dia| 

the  mirror  for  reflecting  the  water 


from  the  tank;  L,  pipe  leading  from  pump  to  the  by-pt — . ... .-.  -, „ 

theby-pasa;  O,  fuel  supply  tank;  p,  reserve  air  lank;  Q.  the  dashboard;  R.  the  air- 
pressure  gauge;  B,  pipe  leading  from  fuel  tank  to  burner,  through  which  gasoline  ir 
passed  under  air  pressure:  T,  metal  straps  holding  the  lagging,  U,  around  the  boiler 
■■  "  — -  "--■- .  -^■--- .-- .-...-.  . ectlon  with  Fig.  SW;  V 


crank  arm  on  Z  actbigon  the  lover  ID;  the  reveralng  lever  (2);  crank  arms  on  tbe 
reversing  lever  (8  and*;  the  pop  safety  valve  set  at  M)  pounds  (B);  the  steam  pres- 
sure gauge  IS);  fuel  valve  to  main  burner  <T|:  foot  pedal  |8)  operating  band  brake 
(B);  wire  wheel  spokes  (1»);  pneumatic  tiro  (111;  steering  bundle  (12);  sprocket  on  rear 
axle  (IS);  blow-oR  valve  (14);  oil  feed  cupon  englnccynndera  (IG);  pipe  from  air  tank 


«  fuel  tank 


The  "  Locomobile "  Carriage  and  Its  Engine. — One  of  tlic 
most  efficient  among  the  American  double-acting  simple  engines 
is  that  operating  the  "Locomobile"  steam  carriage,  which  has 
two  cylinders  of  2j  inches  diameter  by  4-inch  stroke,  and  a  total 
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output  of  4  to  5  horse-power,  at  between  300  and  400  revolu- 
tions per  minute.  It  is  equipped  with  the  Stephenson  link  mo- 
tion and  "D"  slide  valves,  and  operates  the  boiler  purtip  from 
the  crosshead.     The  crank  shaft  of  this  engine,  shoWn  iii  the 


(6.— The  "  Locomobilo"  Sleani  Curlitee  Engine, 


accompanying  drawing,  carries  the  sprocket  at  the  centre,  the 
eccentric  drums  on  cither  side,  and  runs  in  enclosed  ball  races, 
with  the  cranks  at  either  extremity.  The  cranks  are  fixed  at 
90  degrees.     As  seen  from  the  accompanying  figure  pf  the  en^ 
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gine,  the  cylinder  and  driving  gear  are  hung  on  a  heavy  cast 
frame.  This  frame  is  bolted  to  a  wooden  crosspiece  rigidly  at- 
tached to  the  body  frame  of  the  carriage. 

To  the  base  of  the  frame  is  attached  an  adjustable  strut,  or 
distance  rod,  by  which  its  relative  position,  as  regards  the  rear 
axle,  may  be  varied  by  a  right-and-left  threaded  nut,  or  turn- 
buckle.  By  this  device  the  slack  of  the  chain  may  be  taken  up, 
and,  to  allow  for  the  slight  variation,  thus  necessitated,  the 
steam  pipe  connection  to  the  top  of  the  steam  chest  is  by  a  U- 
shaped  pipe  provided  with  "expansion  joints." 

The  boiler  used  in  this  carriage  has  already  been  described 


FtQ,  MT.— Plan  ArTanKement  ol  the  "  Locomobile"  Steam  Carrlags,  showing;  position  at 
the  parts  Imllcated  in  Pig.  845. 

in  connection  with  Fig.  144.  It  is  supphed  by  a  small  plunger 
pump  operated  from  the  crosshead  of  the  engine,  drawing  its 
water  from  the  tank  shown  at  the  rear  and  either  side  of  the 
boiler.  On  the  runabout  carriages  of  this  make  the  water  tank 
has  a  capacity  of  fifteen  gallons.  The  water  may  be  cut  off  by 
closing  the  cock,  shown  at  K  in  the  lettered  diagram  of  this 
carriage,  or  may  be  returned  to  the  tank  by  opening  the  by-pass 
valve,  M,  by  the  lever,  A^,  at  the  driver's  right  hand.  Up  to  the 
present  time  the  manufacturers  of  this  carriage  have  avoided 
the  use  of  most  automatic  devices,  other  than  the  fuel  regulator, 
as  already  described, 


292  SELF-PROPELLED    VEHICLES. 

The  underframe  of  the  "Locomobile"  carriage,  described  in 
connection  with  Fig.  6i,  is  that  covered  by  the  Stanley  patents, 
although  very  similar  constructions  are  used  on  a  number  of 
other  carriages,  propelled  by  both  steam  and  gasoline. 

The  "Toledo"  Carriage  and  Its  Bnglne. — The  same  general 
description  applies  to  the  simple  engines  used  on  several  other 
well-known  makes  of  the  American  steam  carriage,  among  which 
should  be  mentioned  the  engine  of  the  "Toledo"  carriage,  which 
has    two    high-pressure    cylinders,    3-inch  diameter  by  4-inch 


Pio.  MS.—"  Toledo" 


stroke.  The  special  feature  of  this  engine  is  that,  instead  of  the 
ordinary  "D"  valves,  it  is  equipped  with  piston  valves,  thus  in- 
suring better  balance,  and  preventing  leakage  of  steam,  which 
is  very  apt  to  result  in  small  engines.  The  cylinder  pistons  are 
each  provided  with  two  spring  packing  rings,  thus  insuring  extra 
tightness.  Among  the  specially  commendable  features  of  this 
engine  may  be  mentioned  the  unusually  large  bearing  surface  of 
the  crosshead.  which,  accoriling  to  the  claims  of  the  maimfac- 
turers,  is  150  per  cent,  above  that  demanded  by  standard  for- 
mula.    This  large  bearing^  surface  insures  an  unusual  immunity 
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from  wear,  which,  should  it  occur,  may  be  readily  remedied  by 
the  use  of  the  specially  attached  bearings,  which  may  be  fixed 
on,  whenever  required.  The  piston  rod  and  cranks  are  entirely 
encased,  and  the  end  of  the  crank  rod  carries  an  ingeniously  ar- 
ranged scoop,  which  enables  the  oil  at  the  bottom  of  the  casing 
to  be  thrown  on  the  crank-bearing  at  every  revolution,  thus 
involving  the  extremely  desirable  feature  of  perfect  lubrication 
of  the  crank-shaft  bearings.  The  engine  is  reversed  by  the 
Stephenson  link  motion,  the  cranks,  eccentrics  and  sprockets 
being  of  forged  steel,  hardened  and  tempered. 


According  to  the  published  claims  of  the  manufacturers,  this 
engine  can  develop  i  horse-power  for  each  24  pounds  of  water 
consumed  per  hour.  Steam  is  supplied  by  the  Morgan  tubular 
boiler  already  described.  Like  the  majority  of  such  carriage 
engines,  it  operates  the  boiler  feed  pump  from  its  crosshead,  the 
water  being  pumped  through  the  combined  feed  water  heater 
and  muffler,  especially  designed  for  this  carriage,  and  heated 
to  a  temperature  of  208  degrees  before  being  taken  off  as  steam. 
The  high  efficiency  of  this  arrangement  may  be  understood  from 
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the  statement  that  at  least  15  per  cent,  is  saved  in  fuel  consump- 
tion. The  manufacturers  assert  that  the  "Toledo"  carriage  has 
shown  a  record,  in  repeated  trials,  of  85  miles  on  9  gallons  of 
gasoline,  and  35  miles  on  31  gallons  of  water,  over  ordinary 
country  roads.  The  carriage  thus  reported  weighs  in  the  neigh- 
borhood of  1,500  pounds.  The  excellent  construction  of  the 
engine,  as  is  claimed,  enables  instantaneous  reversal  at  full 
speed  with  minimum  of  jar  or  wear,  which  should  be  a  great 
advantage    in    crowded    streets.     The    "Toledo"    carriage    is 


Fio.  850.— The  "  Victor  "  Steam  Carriage. 

equipped  with  a  steel  tubular  flexible  underframe  of  excellent 
design,  which  has  shown  high  ability  to  withstand  most  of  the 
strain  of  ordinary  running.  The  running  gear  of  the  engine  is 
entirely  encased  and  protected  from  dust  and  other  abradents. 
The  differential  is  of  the  ordinary  bevel  gear  type,  the  two  master 
gears  meshing  with  five  bevel  pinions.  The  gasoline  and  air  tanks 
used  on  this  carriage  are  made  of  cold-drawn  seamless  copper 
tubing,  and  are  tested  at  a  pressure  of  200  pounds.  There  are 
two  gasoline  tanks  which  have  a  capacity  of  40  gallons. 
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The  "Victor"  Carrlagfe  and  Its  Engine. — The  engine  used 
on  the  "Victor"  carriage  is  a  two-cylinder  reciprocating  engine, 
each  cylinder  having  a  2j-inch  diameter  by  3 -inch  stroke, 
equipped  with  piston  valves  and  the  Stephenson  hnk  motion,  and 
is  rated  at  4  horse-power.  Like  the  one  just  described,  it  is 
entirely  enclosed  in  asbestos  lining  and  a  cover  o(  tinned  sheet 
iron.     All  the  bearings  are  plain,  and  the  hand  and  wrist  jour- 
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nals  are  provided  with  hardened  and  ground  steel  sleeves  run- 
ning in  bronzed  bushed  castings.  Each  pair  of  eccentrics  is 
made  from  a  solid  piece  of  steel,  thus  preventing  all  possibility 
of  relative  displacement.  The  quadrant  of  the  reverse  lever  is 
so  arranged  that  the  point  of  cut-off  may  be  varied  from  §  to  } 
stroke,  thus  involving  a  corresponding  variation  of  the  efficient 
power  to  accommodate  the  carriage  on  a  grade  or  roughness 
of  road  surface.  The  working  parts  of  the  engine  are  enclosed 
in  an  aluminum  case,  and  run  in  oil.  The  engine  is  hung  on 
two  hollow  trunnions,  one  being  the  admission  and  the  other  the 
exhaust  pipe.     The  uniform  distance  with  reference  to  the  rear 


cut-off.  used  on  the  "Victor"  carriage.    A  i«  Hie 

.  D,  ra«k  nUnfTii'cl 'lo  pision;  E,  oylliulir  in  which  piston  itUiJes: 

k1  pipif  to  humor;  L,  burner;  U.  biiiliT. 

axle  is  maintained  by  an  adjustable  distance  rod,  which  may  be 
lengthened  or  shortened  as  conditions  demand.  The  adjust- 
ment of  the  chain  is  regulated  by  this  same  rod. 

Contrary  to  the  plan  usually  adopted,  the  boiler  feed  pump  is 
not  operated  from  the  crosshead,  the  boiler  being  supplied  by 
the  auxiliary  steam  water  pump  with  the  Westinghouse  valve 
motion  already  described  in  the  chapter  on  boiler  feeders,  and 
by  another  pump  of  the  double  plunger  type,  which  is  geared  to 
and  operated  from  the  rear  axle.  The  positions  of  these  pumps 
with  respect  to  the  boiler  may  be  understood  from  Fig.  253.     The 
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by-pass  valve  is  controlled  by  the  Billiard  thermostat  regulator, 
already  described,  and  the  supply  of  gasoline  to  the  burner 
may  be  cut  off  at  any  time  by  the  fusible  plug  and  piston  ar- 
rangement, also  contrived  by  Mr.  Bullard.  As  shown  in  the 
chapter  on  boilers,  the  "Victor"  carriage  is  equipped  with  a 
shell  and  flue  boiler  of  i6  inch  diameter.  13  inch  height.  The 
steam  feed  pipe  passes  up  through  the  boiler  from  the  bottom, 
taking  off  the  steam  about  %  inch  from  the  upper  crown  sheet, 
and  carrying  it  down,  passes  it  through  the  super-heating  tube, 
directly  over  the  burner;  from  this  point  it  passes  directly  up  in- 
side the  boiler  lagging,  and  is  connected  with  the  engine  at  the 
top.  (See  Figs.  148-149).  This  arangement  insures  thoroughly 
dry  steam  in  the  cylinders. 


F[0.  HSS.— The  "  Lorkc"  Flexible  Joint  SwlnclnR  Throttle,  uxed  with  the  "  Locke" 
capriagi'  .■iij;iin-. 

Among  the  other  excellent  features  of  this  carriage,  may  be 
mentioned  the  spring  catch  under  the  cushion  of  the  driver's 
seat,  which  can  automatically  lock  the  throttle  when  the  driver's 
weight  is  removed,  thus  preventing  the  carriage  from  being 
started  through  carelessness  or  mischief,  when  it  is  left  standing 
unoccupied.  In  addition  to  the  several  automatic  devices  al- 
ready described,  the  end  of  safety  is  further  ensured  by  small 
electric  lamps,  capable  of  being  turned  on  at  any  time,  which  can 
illuminate  the  water  glass  at  night.  The  glass  is  also  attached 
to  the  water  tank  in  order  to  show  the  level  of  the  feed  water 
whenever  desired.  The  exhaust  steam  from  the  engine  passes 
to  the  feed  water  heater  and  muffler,  being  there  partially  con- 
densed and  given  off  at  low  pressure.  A  carriage  capable  of 
seating  two  persons  weighs,  on  an  average,  835  pounds. 
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The  "  Locke"  Steam  Carriage  Engine. — Several  concerns  in 
America  have  produced,  and  placed  on  the  market,  excellent 
steam  engines,  designed  expressly  for  vehicle  use.  Such  engines 
are  particularly  designed  for  such  persons  as  intend  building 
their  own  steam  carriages,  or  who  wish  to  insert  a  new  engine. 


Fiai  BM  Mtd  3S7.— Front  ud  Bide  ElevalloD  of  the  "  Locke"  Steftm  CuTla^o  Engliis. 

Several  types  of  such  engines  are  shown  in  accompanying  illus-  ■ 
trations. 

The  "Locke"  steam  engine  is  of  the  usual  double-cylinder 
type,  equipped  with  the  Stephenson  link  motion,  and  having  the 
boiler  feed  pump  operated  from  the  crosshead.    The  crosshead 
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has  V-shaped  double  guides,  fixed  between  the  upright  pieces  of 
the  frame,  as  shown  in  the  side  elevation  of  the  engine.  The 
cylinders,  made  of  grey  cast  iron,  are  2\  inches  in  diameter  by 
3J  inch  stroke,  developing  4i  H.  P.,  at  full  steam.  The  frame  is 
made  of  composition  gun  metal;  the  connecting  rods  being  steel 
drop  forgings,  and  the  boxes  of  bronze.  The  two  main  bearings 
of  the  crank  shaft  are  made  unusually  large  and  heavy:  being 
li  inch  breadth  on  each  side  of  the  sprocket,  where  the  strain  of 


Fia.  2B8.— Tbe  "  Eastman"  Bt«am  Cun-imge  EagEne. 

running  is  most  encountered.  The  valves  are  set  to  cut  off,  so  as 
to  vary  the  expansion  of  the  steam  in  cylinder.  The  stuffing- 
boxes  are  made  with  a  view  to  security  and  ease  of  repairing; 
the  nuts  being  held  by  steel  springs,  so  as  not  to  change  their 
position.  The  cylinders  are  heavily  jacketed  with  asbestos  lag- 
ging. Lubrication  is  by  oil  pockets,  securing  the  best  etTect  in 
a  plain  bearing  engine. 
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In  connection  with  the  equipment  of  this  engfine  is  the  flexible 
swing-joint  throttle  valve,  which  is  one  of  the  necessary  features 
of  a  steam  carriage  equipment.  It  is  so  constructed  as  to  allow 
the  engine  to  swing  with  the  carriage  and  keep  the  chain  straight. 
With  stiff  joints  the  danger  of  w-ear  and  breakage  is  greatly  in- 
creased. The  swinging  joints  are  ground  and  packed,  so  as  to 
render  the  connections  both  flexible  and  steam  tight.  The  stem 
and  valve  discs  are  made  of  solid  composition  metal. 

The  Eastman  Engine. — Another  practical  engine  for  steam 
carriages  is  the  Eastman,  shown  in  an  accompanying  cut.  This 
engine  is  manufactured  in  several  different  sizes  to  suit  require- 
ments of  carriage  size,  weight  and  speed,  but  all  have  the  same 
general  proportions  and  construction.  As  may  be  understood 
from  the  cut,  one  of  the  foremost  advantages  to  be  urged  is  the 
combination  of  simplicity  and  strength  of  construction.  The 
frame  is  rather  less  complicated  than  that  used  on  the  typical 
engine.  The  crossheads  work  on  a  single  guide,  but  the  opera- 
tion is  balanced  by  the  counterweights  on  the  crank  pins.  The 
bearings  of  the  crank  shaft  are  broad  in  proportion  to  the  length 
o\  the  shaft,  which,  as  shown,  is  of  unusually  large  diameter. 


CHAPTER  TWENTY. 

SINGLE-ACTING   STEAM   CARRIAGE   ENGINES. 

The  Serpollet  Sinfle-Actinc  Engines. — In  the  effort  to  sim- 
piify,  as  far  as  possible,  the  construction  and  operation  of  steam 
vehicle  motors,  intended  for  use  on  light  carriages,  several  in- 
ventors have  contrived  excellent  types  of  single-acting  engines. 
Among  the  advantages  to  be  derived  from  the  use  of  this  type 
of  motor,  we  may  mention  dispensing  with  the  stuffing-box  and 
several  other  constructions,  which  involves  constant  danger  of 
wear  and  difficulty  of  repair.  Among  the  best  known  single- 
acting  steam  engines  may  be  mentioned  those  designed  by  Leon 
SerpoUet,  and  used  on  the  steam  carriages  manufactured  by  his 
firm.     As  constructed   by  him,  the  single-acting   steam  engine 


very  much  resembles  some  types  of  gasoline  motors  used  on 
heavy  vehicles,  both  as  regards  the  cylinder  and  piston  and  oper- 
ation of  the  valves.  In  an  accompanying  figure  is  shown  an 
elevation,  partly  in  section,  of  one  of  his  horizontal  double  op- 
posed cylinder  engines.  As  may  be  seen  there,  the  cylinders  are 
open  at  the  forward  end,  toward  the  crank  space,  in  a  manner 
very  similar  to  that  used  on  gasoline  motors  of  the  same  pat- 
tern. The  piston  is  of  the  trunk  type,  consisting  of  a  somewhat 
elongated  hollow  cylinder,  with  the  crank  rod  pivoted  on  the 
gudgeon  pin  somewhat  less  than  midway  in  its  length.     The 
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valves  in  this  engine  are  of  the  familiar  mushroom  or  poppet 
type,  and  are  opened  by  a  push  rod  positively  operated  from  a 
cam  shaft.  This  shaft  is  operated  by  a  spur-wheel,  which  meshes 
with  another  spur  of  the  same  diameter,  mounted  on  the  crank- 
shaft, so  that  the  two  turn  in  even  rotation.  The  exhaust  valves 
are  of  precisely  similar  construction  and  are  also  positively  oper- 
ated from  the  same  cam-shaft. 

Such  an  engine  as  this  has  been  constructed  with  from  two  to 
six  cylinders,  and  as  may  be  understood,  gives  about  the  same 


\.^  ^y 

Fia.  M>.— One  Model  or  Serpollet  Slngte-aetlHR  Two^yllnder  Engliie.  As  may  be  aeen. 
ihi«  engdne,  with  cam-aotuiited  poppet  vBivei,,i:vntrifusral  governor  for  regulitliig  the 
cam  moremenl.  anil  large  lly  wheel,  closely  rettembles  gaa  engines  of  the  double-op- 
poBeJ  cylinder  type. 

power  effect  as  an  engine  of  the  ordinary  design  and  same  pro- 
portions of  stroke,  having  from  one  to  three  cylinders.  The  cyl- 
inders operate  on  one  plane,  and  are  not  offset,  as  in  many  op- 
posed-cylinder gasoline  motors,  the  danger  of  interference  of 
the  crank  rods  being  prevented  by  constructing  each  of  them 
to  embrace  only  about  one-third  the  circumference  of  the  crank- 
pin,  thus  permitting  a  sufficient  play  to  enable  them  to  adapt 
their  motion  to  the  full  dip  of  the  crank.  The  crank  ends  of 
these  rods  are  held  in  place  by  clamp  brasses  at  either  side.    In 
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a  diagonally  arranged  motor  of  the  same  description,  the  same 
end  of  non-interference  is  attained  by  forking  the  crank  end  of 
one  of  the  crank-rods,  and  constructing  the  other  single,  so  that 
the  former  may  work  over  the  latter  on  the  crank-pin.  As  may 
be  understood  from  the  fact  that  the  steam  and  exhaust  valves 
are  positively  operated  by  a  series  of  cams  on  a  shaft,  so  that 
when  the  steam  valve  of  one  is  open,  its  exhaust  is  closed,  in- 
volving that  the  steam  valve  of  the  opposite  cyhnder  is  closed 
and  its  exhaust  open.    In  order  therefore  to  reverse  the  engine, 


FiQ.  961.— Tlie  Engine,  Boiler  34111  AttncliinenlJi  of  the"  HouIinK"  Steam  CMTl»ge,Bhowii 
In  ixwiiluii.  A  is  ilu'  fut'i  fwi)  TiiiH.'  KliDwn  iiou-iiit:  •lown  through  oncof  Uie  bolh-r 
flues;  B,  valve  (or  turainc  cilT  tiit-l  »iiiij.l,v  from  lli,'  hiirner;  (;.  cx|jaiu.lon  joinl  betwi  .-n 
the  boiler  snd  enRiao,  iHT-nlUiiic  ol'  w.me  «vrinKlnB  movemelitB;  I>,  nuxilinry  hnn.l 
riwdpuinp:  E.  trj- coclm  Uppiil  into  t lie  boiler  Bliell;  O,  O,  band  valva  or  the  wstpr 
Elaw.    TEie  fuel  taak  Is  ihuvn  iu  the  foretTound,  directly  beneath  the  Hour  al  Llie 

it  is  necessary  only  to  slide  the  row  of  cams  on  the  square  cam- 
shaft that  carries  them,  so  as  to  shift  the  positions  and  operation 
of  the  valves  on  the  two  cylinders. 

All  the  Serpollet  carriage  engines  of  this  description  are  sup- 
plied by  the  Serpollet  flash  generator,  already  described,  the  fuel 
and  water  being  fed  and  regulated  by  a  system  of  pumps  and 
valves,  alrea<ly  described.  For  driving  an  ordinary  road  carriage, 
seating  two  passengers,  a  two-cylinder  motor  is  used,  with  a 
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Stroke  and  diameter  each  equal  to  about  2.55  inches,  giving, 
with  700  revolutions  a  minute  and  a  mean  effective  pressure  of 
about  75  pounds,  an  approximate  rating  of  3  horse-power. 


Tia.  MS,— EoRine  of  the  "  Reading"  Staam  Corriaga, 

The  "  Reading"  Steam  Carriage  and  its  Enxlne. — The  single 
acting  engine  used  in  the  "Reading"  steam  carriage,  while  hav- 
ing the  trunk  pistons,  as  the  Serpollet  engine,  is  an  eminently 
more  compact  and  serviceable  machine.  It  consists  of  four 
cylinders  arranged  side  by  side.  As  shown  in  the  cut,  the  steam 
inlet  and  exhaust  is  controlled  by  a  rotary  valve  at  the  top. 
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Each  of  the  cylinders  has  a  bore  2\  inches  in  diameter,  and  a 
piston  stroke  of  3^  inches.  The  four  connecting  rods  drive  four 
cranks  on  two  crank-shafts ;  the  crank  angles  of  each  pair  being 
set  at  90  degrees.  On  each  of  these  two  shafts  are  keyed  spur 
pinions,  which  mesh  with  a  similar  gear  on  the  main  shaft,  thus 
maintaining  a  steady  drive. 

As  shown  in  the  diagram  of  the  valve  plan,  the  piston  marked 
I  is  on  the  point  of  beginning  its  downward  stroke ;  the  piston 
marked  3  just  beginning  its  upward  stroke ;  that  marked  2  being 


Fig.  866.— Plan  of  the  Rotary  Cylinder  Valve  of  the  **  Reading  "  Steam  Engine.  The  cyl- 
inder ports  are  shown  at  a,  a,  a,  a;  the  yalve  inlet  ports  at  &,  6,  b;  the  yalve  exhaust 
ports  at  c,  c,  c. 


half-way  up ;  that  marked  4  being  half-way  down.  Thus,  as  may 
be  seen,  the  balance  of  the  motor  is  constantly  maintained.  The 
rotary  valve,  is  kept  constantly  in  motion,  supplying  steam  to  the 
cylinders,  by  allowing  the  port,  marked  fr,  to  travel  across  the 
ports,  marked  a,  the  exhaust  being  accomplished  in  the  same 
manner,  when  the  ports,  marked  r,  open  the  steam  outlet  from 
any  one  of  the  ports,  a.  The  process  of  reversing  the  engine  is 
simple  and  very  readily  accomplished.  To  quote  from  the  pub- 
lished description  referring  to  the  accompanying  figure  of  the 
engine,  we  have  it  very  simply  stated :  "It  will  be  seen  that  if  the 
valve  be  rotated  through  the  angle  a  plus  t,  or  the  sum  of  the 
steam  ports  (the  crank-shaft  not  being  moved),  it  will  give  steam 
to  cylinder  i  at  the  beginning  of  a  stroke,  with  the  engine  run- 
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ning  in  the  opposite  direction,  and  this  is  the  means  used  to  re- 
verse the  engine." 

Referring  to  the  lettered  diagram,  we  see  that  the  valve,  Q,  is 
riveted  to  the  central  vertical  stem,  and  the  collar  G,  carrying  the 
bell  cranks,  is  keyed  to  the  stem  also,  so  that  G  and  Q  turn  to- 
gether. The  gear,  /,  is  loose  on  the  stem,  but  it  has  two  sockets, 
which  receive  the  lower  arms  of  the  bell  cranks,  H  H,  and  it 


irriace  Enicln<.    A.  rotary  valvti 

...-.V  - s  ,^™,    .»..^,  ^,  Buciion  box  of  pump:  D,  split 

., ,,   a\  E,  Btop  PolUr;  F,  yoke  operating  bell  iTHiililcvere  for  rotatir 
leraiiiB;  O,  bysseii  -~" :_.-<.-.. ...    >■    «  ..^.,.w  .,- 


lilUbevi-lKcarx  rordhTinKwaln  valve:  Cmallf 


(inler»;  Q,,  v 


feeil  pump  cooiroi  rod:' Y.'.voku  huldiiie  pump;  X,  stay  pivot  for  chain  tl^htunlns  roil. 

drives  the  valve  through  the  latter.  The  upper  arms  of  the  bell 
cranks  are  slotted  and  are  held  by  the  yoke,  F,  which  is  also 
loose  on  the  stem.  It  is  evident,  therefore,  that  (supposing  gear, 
/,  to  be  standing  stiH)  if  yoke,  F,  be  lowered,  collar,  G,  will  have  to 
turn  a  httle  in  a  clockwise  direction  because  the  lower  ends  o( 
the  bell  cranks  arc  boxed,  and  vice  versa.    This  turns  the  valve 
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relatively  to  the  gear,  and,  therefore,  to  the  crank-shafts,  and 
thus  reverses  the  engine.  A  collar,  D,  on  yoke,  F,  permits  the 
latter  to  rotate  with  the  valve.  The  rotation  of  the  valve  for  for- 
ward motion  is  counter-clockwise.  Evidently  a  valve  such  as 
the  above  cannot  be  used  for  a  variable  cut-ofT,  and  nothing  of 
the  sort  is  attempted. 

The  boiler  feed  pump  is  also  operated  from  the  main-shaft  of 
the  engine,  and  between  it  and  the  piston  cranks  is  keyed  the 
driving  sprocket. 

The  methods  of  vaporizing  the  gasoline  for  the  burner,  also 
for  starting  the  burner,  have  already  been  described  in  the 
proper  place.  Accompanying  figures  show  the  positions  of  the 
various  parts  in  the  carriage,  and  exhibit  the  system  of  water 
and  gasoline  feed  employed.  The  boiler  and  burner  are  also  of 
excellent  and  efficient  construction. 

There  are  very  few  automatice  devices  in  use  on  this  carriage, 
except  the  gasoline  regulator  already  described.  A  hand-pump 
is  supplied,  which  can  compensate  for  any  failure  of  the  auto- 
matic pump  to  supply  water  to  the  boiler.  The  ease  of  handling 
the  carriage  is  greatly  increased  by  the  use  of  a  single  lever  for 
starting  and  reversing;  thus  avoiding  the  complications  inevit- 
able at  critical  moments  where  two  levers  are  to  be  used.  The 
throttle-lever  can  also  be  used  as  a  brake  in  case  of  an  emer- 
gency. Equally  important  is  the  auxiliary  throttle,  which  en- 
ables the  shutting  oflF  of  steam  from  the  engine  and  the  removal 
of  the  handle,  in  order  to  prevent  mischievous  persons  from 
starting  the  carriage.  The  flexible  tubular  underframe  of  the 
"Reading"  carriage,  described  on  pages  65-66,  is  among  the 
best  of  its  kind — the  double  swivel  joints  on  both  front  and  rear 
axles  permitting  the  greatest  possible  distortion  on  an  uneven 
road,  without  interfering  with  the  steady  drive  of  the  motor. 
The  springs,  which  are  arranged  in  the  width  of  the  carriage,  are 
very  long  and  flexible,  both  of  them  being  semi-eliptical  in 
shape. 


CHAPTER   TWENTY-ONE. 


COMPOUND   STEAM   ENGINES. 


Compound  Steam  Engines  for  Light  Carriages. — Although 
many  of  the  earliest  types  of  the  American  steam  carriage  still 
use  simple  engines,  several  of  the  most  excellent  of  the  later  pat- 
terns have  adopted  compound  engines.  The  principal  objection 
made  by  many  authorities  to  the  use  of  compound  engines  on 
steam  road  carriages  of  light  weight  is  that  with  cylinders  of 
average  dimensions,  working  power  of  between  150  and  200 
pounds,  in  the  high  pressure  cylinder,  and  a  cut-off  generally 
between  ^  and  f  stroke,  which  has  been  found  most  economical 
under  ordinary  conditions,  the  low  pressure  cyHnder  would  be 
doing  little  or  no  work,  the  whole  strain  of  operation  coming  on 
the  former,  which  would  practically  be  working  against  a 
vacuum.  On  the  other  hand,  with  the  final  pressure  of  between 
35  and  40  pounds,  and  the  port  clearances  necessarily  amount- 
ing to  between  20  and  30  per  cent.,  there  is  a  considerable  waste 
of  steam,  as  well  as  excessive  condensation.  A  well-known 
manufacturer  of  steam  carriage  engines  states,  that  in  order  to 
obtain  effective  work  from  both  cylinders  of  a  compound  en- 
gine, the  high  pressure  cylinder  must  be  made  about  one-half 
the  size  of  the  cylinder  used  in  the  simple  engine.  Then,  he  as- 
serts, the  mean  pressure  will  range  from  75  to  100  pounds  in  the 
usual  running,  with  cut-off  at  J  stroke  and  the  diameters  of  the 
two  cylinders  in  ratio  of  i  to  3,  and  the  low  pressure  cylinder  will 
do  its  share  of  the  work,  with  the  desired  economy  of  power. 
The  difficulty  claimed  with  this  arrangement  is,  that  the  total 
reserve  power  w^ill  then  be  only  about  one-half  that  of  the  sim- 
ple engine,  unless  boiler  steam  can  be  admitted  to  both  cylin- 
ders at  any  desired  time  while  running,  as  well  as  in  starting,  and 
the  back-pressure  be  eliminated  by  exhausting  from  both  to  at- 
mosphere. 

Another  objection  is  that  the  efficient  compound  engines  used 
in  stationary  power  plants,  on  ships,  and,  to  a  certain  extent  in 
railroad  locomotives,  are  operating  constantly  against  a  practi- 
cally fixed  load,  which  is  not  the  case  in  steam  carriage  work- 
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But  this  is  not  of  such  vital  importance,  since  the  average  run  of 
compound  engines,  designed  for  light  road  carriage  use,  may  be 
run  simple,  whenever  it  is  so  desired,  and  the  power  may  be 
varied  with  any  well-made  simple  engine  by  shifting  the  point 
of  cut-off.  Thus,  as  is  admitted  by  most  experienced  steam-car- 
riage drivers,  the  throttle  valve  must  be  very  constantly  manipu- 
lated, in  order  to  maintain  anything  like  uniform  speed  on  ordi- 
nary roads,  whose  surface  conditions  are  ever  changing.  One 
important  consideration,  however,  is  that  a  compound  engine, 
with  two  cylinders  of  different  dimensions,  involves  considerable 
vibration,  and  consequent  strain  on  the  parts,  such  as  is  not  ex- 
perienced with  a  simple  engine,  whose  cylinders  are  uniform  as 
to  size  and  power-output.  Thus,  when  running  compound,  the 
small  cyHnder  is  exerting  a  power  somewhat  in  excess  of  the 
larger  one,  and,  when  both  are  running  with  live  steam,  the 
larger  one  is  powered  two  or  three  times  higher  than  the  smaller. 
Such  an  objection  undoubtedly  holds  good  for  a  given  type  of 
engine,  but  with  the  better  designed  American  road  carriages, 
equipped  with  compound  engines,  the  vibration  seems  hardly 
more  noticeable  than  with  the  easy-moving  simple  engine. 

The  5tearns  Compound  Engine. — The  compound  engine 
used  on  the  Stearns  steam  carriage  is  one  of  the  most  typical 
and  efficient  of  its  class.  The  high  pressure  cylinder 
is  2,\  inches  in  diameter,  by  3^  inch  stroke,  and  the  low 
pressure  cylinder  3  inches  in  diameter,  by  3^  inch  stroke. 
As  is  claimed,  each  develops  2,\  horse-power  when  running 
compound,  and  about  double  that  when  running  simple.  As 
shown  in  the  accompanying  diagram,  it  is  built  on  the  usual  plan 
of  the  double-cylinder  steam  carriage  engine,  each  cylinder  be- 
ing controlled  by  piston  valves  of  the  usual  construction.  The 
valve  chest  also  contains  inserts  or  liners,  which  increase  the 
accuracy  of  the  parts  and  admit  of  ready  adjustment  when  the 
old  liners  are  worn  by  use.  Between  the  two  valve  chests  and 
in  connection  with  both,  is  the  controller  valve  chamber,  which 
also  contains  a  piston  valve,  similar  to  that  used  in  connection 
with  the  cylinders,  except  that  it  is  larger  in  diameter  and  has 
double  connections.  The  position  of  this  control  valve  may  be 
altered  by  a  lever  coming  to  the  hand  of  the  driver,  so  that  at 
any  time  the  operation  of  the  engine  may  be  shifted  from  sim- 
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pie  to  compound  or  from  c^impound  to  simple.  This  control 
valve  is  bored  from  end  to  end,  and  has  the  usual  angular  re- 
cess on  its  outer  surface,  besides  tbe  internal  port  extending 
clear  around  the  top,  bringing  into  connection  various  passages 
leading  from  the  control  valve  chest  to  the  high  and  the  low 
pressure  valve  chests  and  their  exhaust  ports.  As  shown  in  the 
illustration,  the  control  valve  stands  at  a  point  just  above  the 
ports  which  cut  off  the  steam  from  the  steam  chests.  Were  it 
lowered,  so  that  its  top  would  be  even  with  the  bottom  port  on 
the  high  pressure  cylinder  side,  the  engine  would  run  com- 


Fio.  H7.—CouipuundEnglDe  or  the  steams  8t«aai  Cnrrikee    , 

pound.  In  this  position,  therefore,  the  live  steam  from  the  boiler 
passes  from  the  control  valve  chest  through  the  port  just  cleared 
by  the  control  valve,  to  the  high  pressure  steam  chest,  being 
then  distributed  by  the  high  pressure  valve,  as  it  alternates  be- 
tween the  two  ends  of  the  cylinder.  The  high  pressure  valve 
being  shown  in  a  position  where  the  lower  end  of  the  high  press- 
ure cylinder  exhausts,  the  path  of  the  steam  leaving  this  end  of  the 
cylinder  may  be  easily  followed  to  the  steam  valve,  through  the 
exhaust  passage,  and  the  higli  pressure  valve  through  the  pas- 
sage leading  to  the  control  valve  chest.    Thence,  through  the 
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internal  port  of  the  control  valve,  and  through  anotlier  passage 
leading  to  the  low  pressure  valve  chest,  it  is  distributed  alter- 
nately to  both  ends  of  the  low  pressure  cylinder.  As  the  high  press- 
ure piston  is  shown  at  one-half  stroke,  and  as  the  two  cranks  are 


FiQ.  S<l8.-4ectlon  of  the  Stearns  Oompound  Bteatn  Corrlaee  Zn«iDe.  A  la  the  hlgh-pnio- 
ure  cylinder;  B.the  loir-prenure  cylinder;  C  and  D,  the  ■team  valva  operated  by 
Bingle  eccentri<a;  E,  the  c«atrsJ  control  Tulve  and  chamber. 

set  at  90  degrees,  the  low  pressure  piston  is  in  its  extreme  inner 
position,  and  the  lower  end  of  the  cylinder  is  just  beginning  to 
exhaust.  The  steam  exhausted  from  the  low  pressure  cylinder 
flows  through  the  port  to  the  exhaust  chamber  surrounding  the 
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low  pressure  valve,  and  from  there  through  the  passage  to  the 
exhaust  chamber  surrounding  the  control  valve,  whence  it  is 
led  to  atmosphere. 

If  the  control  valve  be  raised  until  the  passage  shown  in  the 
drawing,  as  connecting  the  exhaust  port  of  the  high  pressure 
cylinder  with  the  internal  port  of  the  control  valve,  be  uncovered, 
the  operations  of  the  exhaust  and  admission  ports  are  reversed 
and  the  engine  runs  in  the  reverse  direction.  When  the  control 
valve  is  shifted  until  it  uncovers  the  passage  shown  in  the  draw- 
ing, as  connecting  its  internal  port  with  the  low  pressure  valve 
chest,  live  steam  from  the  boiler  will  flow  to  both  valve  chests, 
and  the  engine  will  then  work  simple,  thus  providing  increased 
power  that  may  be  required  in  an  emergency,  as  when  ascending 
a  steep  incline  or  passing  over  an  unusually  rough  road.  Fur- 
ther, by  slightly  varying  the  position  of  the  control  valve,  the 
steam  may  also  be  throttled  by  this  manner  of  working  the  en- 
gine. The  exhaust  ports  of  both  high  and  low  pressure  cylinders 
being  then  in  communication  with  the  central  exhaust  port,  both 
will,  therefore,  exhaust  to  atmosphere.  As  shown  in  practice, 
these  simple  acts  of  shifting  the  control  valve,  may  be  readily  and 
rapidly  acquired,  thus  enabling  the  operator  to  economize  both 
fuel  and  water  by  regulating  the  power  output  to  the  require- 
ments of  travel.  Its  practical  operation  also  demonstrates,  when 
running  simple,  that  the  average  American  steam  carriage  is 
somewhat  over-powered  for  the  requirements  of  good  roads  and 
average  speed,  and  that  a  large  percentage  of  the  steam,  ordi- 
narily wasted,  may  be  used  for  effective  work. 

The  Stearns  Steam  Carriage. — The  Stearns  carriages  contain 
several  excellent  features  in  addition  to  this  engine,  among 
which  may  be  mentioned  a  strong  and  simple  underframe,  which, 
dispensing  entirely  with  the  usual  tubular  construction,  has  the 
front  and  rear  axle  connected  with  reach  rods  of  hickory  wood. 
This  permits  of  a  degree  of  flexibility  impossible  with  any  steel 
construction,  while  at  the  same  time  dispensing  with  the  com- 
plicated swivel  joints  used  on  so  many  other  carriages.  The 
capacity  of  this  construction  to  withstand  sudden  shocks,  and 
adjust  the  running  gear  to  the  requirements  of  uneven  roadways, 
amply  demonstrates  the  accuracy  of  much  that  has  already  been 
said  upon  the  entirely  tentative  character  of  tubular  framework 
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in  general.  While  most  of  these  carriages  are  equipped  with  the 
ordinary  wire  wheels,  some  models  are  equipped  with  the  tubular 
steel  wheels,  which  have  been  so  highly  commended  by  several 
automobile  authorities.  As  shown  in  the  cut  of  the  engine, 
both  the  boiler  feed  pump  and  the  air  pump  for  supplying  the 


FiQ.  MB— A  Stf urnB  Btrain  Stanhope  with  Top Ralaed. 

necessary  pressure  to  the  gasoline  tank,  are  attached  to  and  Op- 
erated from  the  crosshead.  The  manufacturers  have  also  availed 
themselves  of  the  advantages  involved  in  the  use  of  automatic 
appliances,  among  which  may  be  mentioned  the  feed  water  regu- 
lator, low  water  alarm,  and  fire  rcj^dator.    The  steering  device. 
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which  is  operated  from  the  side  lever,  is  of  exceptionally  efficient 
construction  and,  in  several  respects,  of  new  design. 

The  McKay  Carriage  and  Its  Engiiie. — The  compound  engine 
used  on  the  McKay  carriage  has  a  high  pressure  cylinder  of  2\ 
inch  diameter  and  a  low  pressure  cylinder  of  3J  inch  diameter, 
and  a  4  inch  stroke,  with  a  shell  and  flue  boiler  16x16  inches. 
Five  horse-power  can   be   realized   under  ordinary  conditions 


Fia.  2rO.— The  UcKaj  Stanhope. 

while  running  compound,  but  this  rating  may  be  increased  to 
10  or  even  12  horse-power,  for  short  distances,  by  opening  the 
intercepting  lever  between  the  cylinders,  and  admitting  live 
steam  from  the  boiler  to  both  at  once.  As  shown  in  the  ac- 
companying cut,  the  engine  used  on  this  carriage  is  hung  direct 
upon  the  boiler  and  the  waterleg.  This  brings  in  the  excellent 
feature,  not  possible  with  some  other  arrangements,  of  steam- 
jacketing  the  cylinder  by  connecting  it  direct  with  the  steam 
space  of  the  boiler.     Furthermore,  when  running  compound, 
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the  cylinders  are  connected  by  a  superheater  tube,  which  passes 
directly  over  the  upper  crown  plate  of  the  boiler  in  the  shape  of 
a  coil.  In  addition  to  those  excellent  devices  for  insuring  econ- 
omy in  the  use  of  fuel  and  steam  the  cut-off  of  the  engine  may 
be  varied  by  a  lever  and  notched  quadrant,  fitted  with  a  locktng- 


Fio.  371.— Boiler  and  Burner  of  the  McKsvCiUTlairPshowlns  Compound  Engine  attsehed, 

brine  red  at  nearly  3iW=  temperalure.    The  engine  njay  be  run  either  comi;ound  or 

upper  tube  plate  of  tlie  boiler,  eonievthat  on  In  FIr.  149.  The  advantwteii  of  hanglni; 
the  engine  direct  lo  Hie  bolW  are  the  avoidance  of  Hex 'ble  connections  and  In  per- 
mitting the  cylinders  to  be  stcani-Jacketed  direct  with  live  Ktcam. 

bolt,  which  is  placed  directly  at  the  driver's  hand.  This  lever  is 
also  used  for  reversing  the  engine.  Unlike  the  majority  of 
American  steam  carriage  engines,  this  one  dispenses  with  the 
Stephenson  link  niotiun  being  controlled  and  reversed  by  a 
modification  of  the  Marshall  valve  gear,  so  generally  used  on 
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marine  engines.  As  embodied  in  this  engine,  it  enables  the 
reversal  by  a  much  simpler  method — so  the  manufacturers 
claim — than  that  usually  employed;  the  operation  consisting  of 
simply  raising  the  slide  shown  at  the  base  of  the  valve  rods.  The 
boiler  is  regularly  fed  by  a  plunger  pump,  operated  through  a 
swinging  link  from  the  crosshead  of  the  engine.  An  injector  is 
also  attached  to  the  boiler  for  use  in  emergencies,  or  in  filling 
the  water  tank  from  a  wayside  stream.  The  water  then  passes 
through  a  preheating  coil  around  the  burner  space,  which  forms 


the  waterleg,  and  is  fed  to  the  boiler  at  a  temperature  just  be- 
low the  boiling  point.  The  burner  used  is  that  already  described 
in  a  previous  chapter  under  the  heading  of  a  "Bunsen  Tube 
Burner."  Its  operation  having  been  very  fully  explained,  it  is 
only  necessary  to  add  that  it  is  used  in  connection  with  an  ex- 
ceedingly efficient  type  of  gasoline  regulator,  which  enables  the 
complete  shutting  off  of  the  fuel  supply  when  the  temperature 
has  reached  too  high  a  point. 
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In  another  respect  the  engine  of  the  McKay  carriage  dif- 
fers from  the  usual  American  practice,  in  being  suspended  at  the 
rear  of  the  boiler  instead  of  at  the  front,  as  explained  in  con- 
nection with  Fig.  272.  A  further  excellent  feature  is  found  in 
the  placing  of  the  gasoline  tank  inside  the  water  tank,  thus  in- 
suring complete  immunity  from  danger  of  explosion.  The  un- 
derframe  is  of  tubular  construction,  but  of  special  design,  having 
a  double  swivel  jointed  front  axle,  which  enables  the  utmost 
flexibility  on  uneven  roadways.  As  shown  in  Fig.  272  also,  the 
boiler,  engine  tanks  and  body  are  mounted  on  a  second  tubular 
frame  above  the  springs.  The  carriage  thus  produced  is  hand- 
some and  durable,  and  as  shown  by  numerous  tests,  has  a  speed 
rating  higher  than  many  other  American  carriages. 


Fm.  174.— Change  Speed  Gear  used  on  the  Thornjcroft  fito»m  Wagon. 

The  Thornycroft  Road  Wagon  and  Compound  Enclne. — The 

practice  of  using  compound  engines  on  motor  road  carriages 
has  been  mucJi  more  frequently  adopted  on  heavy  wagons  and 
lorries  than  on  light  pleasure  carriages.  One  of  the  best  known 
makes  of  motor  road  wagons  using  compound  engines  is  the 
Thornycroft,  several  parts  of  which  have  already  been  described. 
The  engine  used  on  the  two  and  four  ton  wagons,  manufactured 
under  the  Thornycroft  patents  in  England  and  America,  is  a 
two-cylinder  horizontal  compound  engine,  having  a  4  inch  di- 
ameter for  the  high  pressure  cylinder  and  a  7  inch  diameter  for 
the  low  pressure,  and  a  stroke  of  5  inches.  The  steam  valves 
are  of  the  balanced  cylindrical  type  and  are  operated  by  single 
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eccentric  gear  from  the  crank  shaft.  As  shown  in  the  sectional 
drawing  of  this  engine,  the  eccentric  carries  an  arm,  C,  which  is 
connected  to  the  valve  rod  by  a  link  bar.  It  is  also  connected  to 
the  swinging  link,  A  B,  by  which  reversal  may  be  effected. 
When  this  swinging  link  is  in  the  position  shown  in  the  drawing, 
the  wagon  moves  straight  ahead ;  when  it  is  brought  downward, 
to  the  position  marked  "astern,"  the  direction  is  reversed.  The 
intermediate  point,  of  course,  has  no  effect  on  the  movement  of 
the  valve.  This  device  furnishes  a  simple  and  ready  method  of 
controlling  the  engine,  and  has  the  advantage  of  being  less  com- 
plicated than  the  ordinary  link  motion.  An  engine  of  the  dimen- 
sions specified  above  can  develop  20  brake  horse-power  at  440 
revolutions  and  35  brake  horse-power  at  770  revolutions,  when 
the  low  speed  gear  is  in  use.  This  is  an  exceptionally  high  rat- 
ing for  an  engine  of  this  size;  measuring  only  3^x2^x1  J  feet, 
and  weighing  less  than  500  pounds. 

Contrary  to  the  usual  practice  with  steam  road  wagons,  both 
light  and  heavy,  the  Thornycroft  wagon  has  a  system  of  change 
speed  gears,  somewhat  on  the  pattern  of  those  used  in  connec- 
tion with  gasoline  motors.  As  shown  in  an  accompanying  fig- 
ure, these  gears,  mounted  on  a  counter-shaft,  may  be  changed 
by  shifting  in  the  width  of  the  wagon  by  means  of  a  lever,  5*. 
When  this  lever  is  in  the  position  indicated,  the  low  speed  gears, 
M  and  N,  are  meshed.  When,  however,  it  is  moved  to  the  right, 
as  indicated  by  the  dotted  lines,  the  bearings,  E  and  £,  are  also 
shifted  as  shown,  bringing  the  gears,  K  and  L,  into  engagement. 
This  gives  the  high  speed  forward.  The  operation  of  the 
wheels,  which  are  hung  on  a  loose  rotating  rear  axle,  as  already 
explained  on  page  104,  in  connection  with  Figs.  89  and  90,  af- 
fords an  exceedingly  elastic  connection,  and  great  tractive  ef- 
ficiency. The  elevation  of  the  wagon,  showing  the  relative  ar- 
rangement of  the  parts,  is  shown  in  an  accompanying  figure. 
The  plan  is  given  in  Fig.  73  and  a  description  of  the  water  tube 
boiler  on  pages  190-193. 

The  ••Lifu*'  Compound  Steam  Engine. — The  compound  steam 
engine  used  on  the  "Lifu"  steam  wagons  is  shown  in  section  in 
an  accompanying  figure.  It  is  of  the  cross-compound  horizon- 
tal type,  with  reversing  links,  having  cylinders  of  3  inch  and  6 
inch  diameters  respectively,  and  a  5  inch  stroke.    The  steam  in- 
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Fio.  277.— The  *'Lifu'*  Compound  Steam  En^ne  for  heavy  rehicle  use.  This  section  is 
drawn  through  the  centre  of  the  cylindrical  steam  chests,  which,  as  in  the  Thorny- 
croft  enfirine  (Fiff.  278),  are  below  and  at  the  sides  of  the  steam  cylin<iers.  Tlie  np})ear- 
fkncc  of  eccentricity  in  the  attachment  of  the  piston  rods  may  thus  be  understooil. 
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let  of  both  cylinders  is  controlled  by  simple  balanced  piston 
valves,  and  as  indicated  in  the  drawing,  the  valve  boxes  are 
placed  somewhat  below  the  general  level  of  the  engine.  When 
running  compound  the  steam  is  exhausted  from  the  high  press- 
ure cylinder  into  a  receiver  tube,  which,  as  shown  by  dotted  lines 
in  the  drawing,  connects  the  two  cylinders  and  their  valve  boxes 
from  below.  There  is  also  an  auxiliary  valve  as  shown  at  the 
right  hand  of  the  low-pressure  cylinder,  by  which  live  steam 
from  the  boiler  may  be  admitted  direct  to  the  low-pressure  cyl- 
inder, thus  permitting  both  to  run  simple  whenever  occasion  de- 
mands, the  exhaust  from  both  being  then  given  off  to  atmos- 
phere. 

Among  the  special  features  of  this  engine  may  be  mentioned  a 
second  pair  of  gland  boxes  run  between  the  forward  cylinder 
head  and  the  guide  bars,  in  order  to  prevent  all  leakage  of  con- 
densed steam  into  the  crank  case,  which  is  enclosed  so  as  to  al- 
low the  moving  parts  to  run  in  oil.  The  main  feed  pump  is 
worked  from  the  crank-shaft,  being  geared  direct  to  a  single 
eccentric,  which  works  on  a  small  secondary  shaft  operated  from 
the  main  shaft  by  spur-wheels.  Attached  to  the  strap  of  this 
single  eccentric  is  a  forked  connecting  rod  which  works  on  a 
crosshead  attached  to  the  rear  of  the  pump.  By  this  arrange- 
ment it  is  possible  to  reduce  the  speed  of  the  pump,  since  the 
ratio  of  the  two  meshed  spur-wheels  is  about  i  to  6.  In  addition 
to  this  pump,  there  is  also  an  independent  steam  pump  for  use  in 
case  of  emergency.  The  steam  is  generated  in  a  tubular  boiler 
described  and  illustrated  on  page  196,  which  is  heated  by  the 
House  kerosene  burner,  also  mentioned  in  the  chapter  on 
burners. 
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CHAPTER  TWENTY-TWO. 

SELF-PROPELLED   STEAM   FIRE   ENGINES. 

On  Automobile  Steam  Fire  Engines. — One  of  the  most  ef- 
ficient uses  of  steam  engines  for  driving  road  and  street  vehicles, 
is  realized  in  the  self-propelled  steam  fire  engines,  which  have 
been  used  with  so  great  effectiveness  in  several  American  cities. 
The  type  of  engine  shown  in  the  accompanying  illustration  has 
the  following  dimensions:  A  total  height  of  lO  feet,  a  length  of 
1 6  feet  6  inches,  a  width  of  7  feet  3  inches,  and  a  weight  of  17,000 
pounds,  all  of  which  are  far  in  excess  of  what  could  be  used 
in  the  ordinary  horse-drawn  engine.  With  these  dimensions  is 
achieved  a  corresponding  efficiency  for  raising  water.  Up  to  the 
successful  construction  of  a  self-propelled  engine,  the  maximum 
of  water  and  pressure  possible  to  be  obtained  was  limited  to  the 
weight  of  an  engine,  which  two  or  three  horses  could  draw 
speedily  and  conveniently  through  crowded  streets,  but  with  the 
automobile  engine  these  limitations  are  obviated  since  there  is 
no  reasonable  limit  of  weight  that  cannot  be  propelled  by  its  own 
power.  The  fire  engines  of  this  description  used  in  Boston  and 
New  Orleans  have  repeatedly  demonstrated  their  ability  to 
throw  nearly  1400  gallons  of  water  per  minute  with  tremendous 
force.  At  a  recent  trial  of  one  of  these  engines,  a  stream  3J 
inches  in  diameter  was  ejected  through  a  i^  inch  nozzle  to  a 
horizontal  distance  of  348  feet;  through  a  if  inch  nozzle,  to  338 
feet,  and  through  a  2  inch  nozzle  to  319^  feet.  Such  an  efficiency 
as  this,  combined  with  the  possibilities  of  rapid  travel,  is  suffi- 
cient argument  for  the  superiority  of  the  self-propelling  fire  en- 
gine. As  repeatedly  demonstrated  also,  such  an  engine  is  under 
perfect  control  in  the  street,  responding  readily  to  its  steering 
gear,  which  can  turn  it  completely  around  in  a  circle  whose  ra- 
dius is  equal  to  its  length.  Furthermore,  by  using  the  reversing 
lever,  it  can  be  stopped  in  its  own  length  at  the  greatest  speed ; 
can  go  faster,  and  also  slower,  than  is  possible  with  an  engine 
drawn  by  two  or  three  horses,  and  also  takes  up  less  room  in  the 
street.  The  steering  is  eflFected  by  a  hand-wheel  in  front  of  the 
driver's  seat,  which  moves  the  front  axle  through  a  system  of 
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bevel  and  worm  gearing,  so  arranged  that  the  steersman  is  not 
required  to  exert  his  strength  constantly  to  keep  the  engine  in 
line  on  the  road.  The  driving  power  is  applied  from  one  end  of 
the  main  crank-shaft  through  an  equalizing  gear  and  two  end- 
less chains  running  over  sprocket  wheels  on  each  of  the  rear 
wheels,  the  equalizing  gear  permitting  these  wheels  to  be  driven 
at  various  speeds  when  turning  corners,  in  a  manner  precisely 
similar  to  that  already  explained  in  connection  with  motor  car- 
riages in  general..  Furthermore,  the  driving  power  is  reversible, 
so  that  the  engine  may  be  driven  either  forward  or  backward  at 
will,  and  by  the  removal  of  a  key  may  be  disconnected  entirely 
when  it  is  desired  to  work  the  pumps. 

At  the  recent  extensive  grain  elevator  fire  in  Boston,  one  self- 
propelling  engine  ejected  from  three  to  four  tons  of  water  per 
minute  for  four  consecutive  hours,  and  as  a  demonstration  of 
the  practical  efficiency  of  the  work  performed,  the  entire  corner 
of  the  building,  upon  which  this  stream  was  used,  was  left  stand- 
ing, while,  despite  the  eflforts  of  one  fire  boat  and  fourteen  horse 
engines  of  modern  build  and  power,  all  the  other  sides  of  the  build- 
ing were  levelled  to  the  ground.  The  force  of  this  great  stream 
was  so  great  that  it  tore  the  slate  roofing  to  fragments  whenever 
it  struck  it,  and  also  forced  holes  through  the  sides  of  the  build- 
ing, through  which  tons  of  grain  escaped  and  were  saved  in  a 
damaged  condition. 

Briefly,  the  advantages  of  self-propelling  engines  may  be 
summed  up  as  follows : 

(i)  If  a  large  fire  breaks  out  in  any  part  of  the  city  and  a  pow- 
erful body  of  water  is  required  at  any  one  point, four  lines  of  three- 
inch  hose  may  be  combined  into  one  stream,  of  almost  any  rea- 
sonable size  of  nozzle,  giving  the  benefit  of  the  full  amount  of 
water  that  two  of  these  engines,  with  a  combined  capacity  of 
2,700  gallons,  can  give.  Or,  if  it  is  desired,  four  powerful 
li-inch  streams,  at  four  different  points,  can  be  had,  thus  giving, 
to  a  large  extent,  fire-boat  conditions  inland. 

(2)  If  another  fire,  large  or  small,  should  break  out  at  the 
same  time,  one  of  these  engines  .could  be  instantly  dispatched, 
and  arrive  at  the  second  fire  in  the  quickest  possible  manner  now 
known.  On  its  arrival,  it  could  instantly  use  six  J-inch 
streams;  five  i-inch  streams;  four  i J-inch  streams;  three 
li-inch  streams;  two  ig-inch  streams,  or  two  ij-inch  streams;  or 
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one  i^  or  one  2- inch  stream,  or  a  2j-inch  stream  for  a  water 
tower,  and  from  the  above  mentioned  number  and  sizes  pro- 
duce the  greatest  effect. 

One  of  these  propellers  can  throw  the  greatest  amount  of 
water  upon  any  building,  in  any  part  of  the  city,  quicker  than 
by  any  other  known  method;  going  through  snow  or  mud,  or 
up  any  hill  any  vehicle  can  go,  and  thus  affording  the  most  com- 
plete protection  that  has  ever  yet  been  attained. 

(3)  Self-propelling  engines  may  be  handled  more  quickly  than 
others.  The  following  experiment  was  made  with  Boston's  en- 
gine. No.  38.  This  engine  is  located  in  a  double  engine  house; 
the  other  engine  having  a  three-horse  hitch.  The  men  were  all 
placed  in  an  adjoining  room  and  the  alarm  struck,  but  although 
the  horses  made  a  quick  jump,  the  propeller  was  out  of  the  house 
before  the  harness  had  been  snapped  upon  them. 

To  start  from  the  house,  but  four  movements  are  necessary, 
three  detachments  at  the  rear  of  the  engine  and  turning  the 
throttle. 

The  engine  should  carry  in  the  engine  house  at  all  times  about 
eighty  pounds  of  steam,  and  will  run  for  one  and  one-half  hours 
without  stopping  for  water. 
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CHAPTER  TWENTY-THREE. 

GENERAL   PRINCIPLES   OF   GAS   ENGINE   OPERATION. 

Advantages     of     Internal     Combustion    flotors.  — It    has 

been  frequently  said  that  steam  is  the  best  available  motive 
power  found  under  ordinary  conditions  for  utilizing  the  vast 
expansive  energy  of  heat.  At  a  certain  temperature  water 
assumes  the  gaseous  state,  and  its  power  of  expansion  is  so 
immense  that,  when  properly  confined,  it  will  displace  any  mov- 
able obstacle  in  its  effort  to  assume  greater  proportions ;  .thus 
furnishing  the  force  for  driving  machinery.  Vaporized  water, 
however,  is  not  the  only  gas  possessing  such  properties.  In  cer- 
tain aspects,  it  is  also  not  the  most  convenient  medium  for  trans- 
forming heat  into  motive  energy,  particularly  for  small  power 
motors.  This  is  true  because  the  steam  engine,  as  we  have  seen, 
requires  a  boiler  or  generator  to  produce  the  steam  and  a  con- 
stant source  of  heat  to  accomplish  this  effect.  The  consequence 
is  that  a  large  percentage  of  the  heat  units  employed  is  actually 
wasted,  even  in  the  best-designed  engines.  This  result  is  in- 
evitable, because  the  fuel  for  combustion,  the  fluid  to  be  vappr- 
ized  by  heat,  and  the  engine  to  be  driven  by  the  expansive  energy 
are  all  separate  and  distinct  elements,  requiring,  frequently,  elab- 
orate devices  to  secure  the  end  of  co-operation  as  a  practical 
working  unity.  If,  now,  the  expansive  energy  can  be  derived 
direct  from  the  fuel  and  the  ignition  effected  by  an  intermittent 
source  of  heat,  it  is  obvious  that  the  machine  is  simplified  and 
the  total  economy  increased.  In  other  words,  when  some  such 
rapidly-acting  expansive  force,  as  is  found  in  the  explosion  of 
gunpowder,  can  be  so  controlled  and  utilized  as  to  drive  a  piston, 
as  a  gun  throws  forth  its  projectile,  or  bullet,  we  have  achieved 
the  end  of  transforming  heat  into  power  with  the  smallest  pos- 
sible waste.  In  the  steam  engine  one  larc^e  percentage  of  heat 
is  wasted  in  raising  the  water  to  the  boiling  point;  another,  in 
maintaining  the  degree  of  temperature  necessary  to  continual 
generation  of  steam ;  a  third,  by  being  absorbed  in  the  cylinders 
as  a  necessary  means  for  preventing  a  checking  of  expansion. 
Furthermore,  the  chimney  draught,  requisite  to  combustion  in 
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the  heater  and  as  an  escape  for  burned  products,  acts  as  a  waste 
in  expelling  considerable  heat  through  the  flue.  The  nearest 
approach  to  the  ideal  of  economy  in  the  steam  engine  is  found  in 
the  "flash  boiler,"  as  devised  by  Leon  SerpoUet,  and  others, 
wherein  water  injected  into  narrow  tubes,  already  raised  to  a 
high  temperature  by  contact  with  fire,  is  instantaneously,  or  ex- 
plosively, transformed  into  expansile  vapor,  to  be  fed  to  cylin- 
ders, also  at  a  high  initial  temperature.  Even  this  system  in- 
volves considerable  waste,  from  the  necessity  of  maintaining  the 
"flash  tubes**  at  the  required  temperature,  between  the  periods 
of  injection ;  the  wear  and  corrosion  on  the  metal  parts  is  also 
excessive.  On  the  whole,  its  disadvantages  are  numerous,  and 
render  it  a  very  poor  substitute  for  an  internal  combustion 
motor,  like  the  modern  gas  engine. 

The  Requirements  in  Explosive  Motors. — ^The  internal  com- 
bustion or  explosive  engine  possesses  most  of  the  desirable  feat- 
ures, which  the  steam  engine  lacks,  and  realizes  many  of  the 
requirements  of  an  ideal  motor.  Its  fuel,  a  hydrocarbon  gas  or 
liquid,  is  properly  mixed  with  air,  fed  direct  to  the  cylinders,  and 
ignited  explosively,  so  as  to  be  raised  instantly  to  its  highest 
temperature  point,  by  an  intermittent  source  of  heat,  all  in  the 
same  small  chamber.  It  is,  therefore,  merely  a  cylinder  and 
driving  gear,  without  boiler  or  furnace  attachments ;  and,  on  this 
account,  affords  a  high  power  efficiency,  in  proportion  to  its  total 
size  and  weight.  For  use  in  motor  carriages,  internal  com- 
bustion motors  must  be  provided  with  some  device  for  producing 
the  explosive  gas  from  a  suitable  liquid ;  since  it  is  both  incon- 
venient and  impracticable  to  carry  it  stored  in  tanks  or  bottles, 
which  must  be  constantly  charged  under  high  pressure.  Such  a 
liquid,  moreover,  must  be  one  that  is  readily  mixed  with  atmos- 
pheric air,  passed  through  it,  or  over  it,  in  a  specially  designed 
vessel,  commonly  called  a  carburetter,  or  vaporizer,  so  as  to 
form  a  true  gas  with  inflammable  properties.  Several  hydro- 
carbons, such  as  benzine,  grasoline,  and  some  forms  of  alcohol, 
are  suitable,  although  gasoline  has  been  most  generally  adopted 
for  this  purpose. 

Operation  of  an  Explosive  Motor. — The  cylinder  of  a  gas- 
oline motor  is,  as  in  most  gas  engines,  open  at  the  end  toward  the 
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crank  shaft.  Admission  for  the  fuel  gas  at  the  opposite  end, 
which  is  normally  closed,  is  had  by  mushroom  valves  operated 
usually  by  suction  of  the  descending  piston.  The  piston  is,  there- 
fore, single-acting,  or  moved  by  an  impulse  from  one  direction 


-R&i^i-^l^.- 


^^Rp^i^^ 


Fig.  279.— The  Qj^'^  of  an  Otto,  or  Four-Part  Cycle,  Gas  Engine. 

only,  and  is  of  the  "trunk"  pattern,  having  the  swinging  con- 
necting rod  pivoted  within.  The  action  of  the  piston  and  driving 
gear  is,  thus,  entirely  positive  and  automatic,  in  the  sense  that 
there  is  no  pressure  whatever  outside  of  the  cylinder — as  in  the 
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Steam  engine — to  effect  movements  of  the  parts,  when  proper 
valves  are  opened.  An  automobile  motor  is  started  by  turning  a 
crank  on  the  driving  shaft  a  sufficient  number  of  times  to  carry 
the  gears,  cams  and  valves  through  the  charging,  compression 
strokes,  to  the  moment  of  ignition,  when  it  will  "take  up  its 
cycle,"  and  run  by  the  power  generated  in  itself.  The  cylinder 
is  charged  by  an  out  stroke  of  the  piston,  creating  a  vacuum 
behind  it  and  drawing  in  the  mixture  of  air  and  gasoline  gas 
formed  in  the  carburetter.  With  some  carburetters  this  is  too 
"rich"  to  bum  readily,  so  a  quantity  of  pure  air  is  also  drawn  in. 
With  better  carburetters  the  mixture  needs  no  more  air. 
The  charge  is  then  compressed  by  the  return  stroke 
of  the  piston,  which  act  secures  complete  carburiza- 
tion  of  the  contained  air,  and  reduces  it  to  the  proper 
degree  of  mixture  to  be  kindled  by  the  igniting  spark  or 
other  source  of  firing.  This  causes  it  to  explode,  or  to  expand 
suddenly  and  with  great  eflfect,  and  drive  the  piston  outward 
again.  The  fourth  stroke,  which  is  the  one  immediately  follow- 
ing the  explosion,  is  known  as  the  "scavenging"  stroke,  from  the 
fact  that  the  piston,  moving  back  again  in  the  cylinder,  expels 
the  products  of  combustion  through  exhaust  valves  which  are 
operated  by  cams.  This  process  completed,  the  parts. are  in 
position  for  a  repetition  of  the  process ;  the  valves  for  admitting 
gasoline  gas  to  the  cylinder  then  being  opened  again. 

The  Cycle  of  a  Qas  Ensrine.  —These  four  strokes — two  out- 
ward and  two  inward — are  called  a  "cycle,"  and,  as  may  be  read- 
ily understood,  there  is  thus  only  one  power  impulse  for  every 
two  revolutions  of  the  fly-wheel.  This  power  stroke  also  con- 
tinues while  the  crank  is  traveling  through  half  a  revolution,  or 
through  an  arc  of  i8o  degrees.  It  is  also  evident  that  the  cam 
shaft,  for  operating  the  valve  system  of  the  cylinder,  revolves  but 
once  for  every  two  revolutions  of  the  crank  shaft,  with  which  it 
is  geared.  Thus  is  secured  the  opening  of  the  charging,  or 
"inhaust,"  valve,  and  of  the  scavenging,  or  exhaust,  at  precisely 
the  proper  points  in  the  cycle.  The  operation  of  a  four-cycle 
gas  engine  may  be  understood  from  this  figure :  Supposing  we 
have  a  four-cylinder  motor,  the  cranks  of  whose  four  pistons  are 
so  fixed  that,  counting:  from  i  to  4,  we  have  pistons,  cams  and 
valves  in  positions  representing  the  four  cycles.    That  is  to  say, 
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the  first  cylinder  would  be  performing  the  inhaust  stroke;  the 
second,  the  compression;  the  third,  the  explosion;  the  fourth, 
the  scavenging.  In  such  an  engine  the  crank  would  be  turned 
by  a  steady  impulse,  since  in  some  one  of  the  four  the  explosion 
would  be  due  in  every  90  degrees  of  its  rotation.  Also  every  one 
of  the  four  cycles  would  be  taking  place  contemporaneously. 
Thus,  may  be  understood  the  process  essential  to  the  operation 
of  a  gas  engine  of  the  "Otto,"  or  "Beau  de  Rochas'*  four-cycle 
type. 

Two-Cycle  Engines. — Practically  all  carriage  motors  are  built 
for  the  four-cycle  system,  which  requires  two  complete  revolu- 
tions of  the  fly-wheel  to  perform  the  four  necessary  acts  involved 
in  the  use  of  gas  as  a  motive  power.    There  is,  however,  a  method 


k'<  'fMW//tltllfttt. 


^^  V. 


Fio.  iffiO.— Diagram  of  the  sta<?e8  of  a  TwoPart  Cycle  Gas  Engine.  The  out-«troke  is  from 
left  to  right;  the  in-strokc  from  right  to  left.  The  inner  circle  around  the  crank 
ahovrs  the  stages  of  eompresaion,  supply,  suction,  which  take  place  within  the  crank 
case  in  front  of  the  piston.  Tlie  outer  circle  shows  the  stages  of  explosion,  expansion, 
exhaust  and  comprestiion,  which  take  place  behind  the  piston  in  the  combustion  space 
of  the  cylinder. 


of  accomplishing  the  same  results  in  one  revolution,  and  it  is, 
accordingly,  known  as  the  two-cycle  system.  It  uses  one  rotation 
and  two  strokes,  the  functions  of  the  two  omitted  strokes  being 
provided  for  by  certain  peculiarities  of  construction.  Its  essen- 
tial features  are  as  follows:  (i)  An  enclosed  crank  case,  such  as 
is  also  used  on  most  vehicle  motors,  is  fitted  with  a  valve  geared 
to  open  and  admit  fuel  gas  at  the  front,  instead  of  at  the  rear  of 
the  piston,  on  the  first  inward  stroke  of  the  piston.  (2)  The 
inhaust  and  exhaust  ports  of  the  cylinder  are -located  at  points 
about  midway  in  its  length,  so  as  to  be  uncovered  by  the  piston 
in  its  downward  stroke.    The  exhaust  being  reached  first,  the 
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products  of  combustion  start  to  leave  the  cylinder,  partly  tfirough 
their  tendency  to  expand,  before  the  fresh  supply  begins  entering 
from  the  enclosed  crank  case.  (3)  At  the  end  of  the  piston,  and 
so  placed  as  to  come  opposite  the  entry  port  for  the  fresh  charge, 
when  it  is  opened,  is  a  longitudinal  plate  or  screen,  which  deflects 
the  new  gas  to  the  top  of  the  cylinder  chamber,  thus  causing  it 
to  assist  in  the  work  of  expelling  the  burned  products.  This  work 
is  further  completed  as  the  piston  starts  on  its  return  stroke. 

The  four  acts,  admission,  compression,  ignition  and  scaveng- 
ing, are  thus  accomplished  during  one  revolution  of  the  fly-wheel 
by  the  use  of  two  chambers.  The  fuel  gas  is  admitted  to  the 
closed  crank  case  during  the  inward  stroke  of  the  piston,  at  the 
completion  of  which  the  supply  valve  is  closed.  On  the  return, 
or  outward,  stroke  this  gas  is  suitably  compressed  to  about  five 
pounds  to  the  square  inch,  which  pressure  causes  it  to  rush  into 
the  cylinder  the  moment  the  supply  port  is  opened.  When  both 
the  supply  port  and  exhaust  port  have  been  closed  by  the  inward 
stroke  of  the  piston,  the  contained  fuel  gas  is  still  further  com- 
pressed, and  is  ready  for  ignition,  as  the  piston  reaches  the  end  of 
the  cylinder.  The  next  outward  stroke  is  under  power  impulse, 
as  indeed  is  every  outward  stroke  on  the  two-cycle  arrangement ; 
each  inward  stroke  accomplishing  the  results  of  supply  and 
cylinder  compression,  and  each  outward  stroke,  the  results  of 
ignition,  exhaust  and  recharging. 

Two-Cyde  flotors  for  Vehicle  Use. — While  it  would  seem 
from  the  theory  of  the  two-cycle  motor  that  it  should  be  capable 
of  a  higher  degree  of  power  as  well  as  a  greater  speed — features 
which  should  render  it  the  ideal  motor  for  vehicles — it  is,  never- 
theless, true  that  its  practical  performance  is  otherwise.  It  is  a 
very  satisfactory  type  of  engine  for  low  speed  purposes,  and  in 
such  conditions  will  develop,  as  some  claim,  a  power  fully  50  or 
60  per  cent,  greater  than  with  a  four-cycle  engine  of  the  same 
dimensions.  This  statement  is  questioned  by  other  authorities, 
but,  as  may  be  readily  understood,  an  engine  giving  a  power 
impulse  stroke  in  every  revolution  should,  theoretically,  have 
twice  the  available  power  capacity  of  one  having  a  power  stroke 
in  every  two  revolutions  only.  This  would  undoubtedly  give 
about  the  practical  percentage  of  superiority  named  above.  At 
high  speeds,  such  as  are  contemplated  in  the  construction  of 
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motor  carriages,  the  trouble  with  the  two-cycle  motor  is  that,  all 
the  functions  of  inhaust,  compressioi),  ignition  and  exhaust 
being  performed  in  a  single  stroke  of  the  piston,  sufficient  time 
is  not  allowed  for  the  expulsion  of  the  burned  gases,  with  the 
result  that  the  cylinder  "chokes  itself  up,"  as  the  saying  is, 
and  its  contents  fall  below  the  explodable  point,  stopping  the 
engine.  It  is  thus  estimated  that,  while  a  four-cycle  engine  of 
a  given  horse-power  will  run  at  as  high  a  speed  as  J, 200  or 
1,500  revolutions  per  minute,  a  two-cycle  engine  of  the  same 
power  can  make  no  more  than  300  or  350  revolutions.    The  same 


Fm.  S8I.— DlafTWunahowinBthp  EnentUI  Features  of  »  Typloftt  Corriftue  MoWr,  as  used 

on  llie  Ih!  Dion  Vctiici™.    M  la  the  motor;  C,  the  carbupettcr;  S,  the  muffler;  P,  the 

part  for  admitting  water  to  ibe  Jacked  epace  of  the  cylinder;  ic,  exit  port  (rom  Uie 

defect  in  operation  prevents  the  two-cycle  motor  from  attaining 
the  power  efficiency,  otherwise  seemingly  involved  in  its  con- 
structional theory.  It  is  on  these  accounts  that  the  two-cycle 
type  of  motor  has  thus  far  proved  unavailable  for  automobile 
purposes,  where  the  four-cycle  engine  has  proved  eminently 
effective. 

The  Bsaentiab  of  ■  Vehicle  flotor — Every  gasoline  vehicle 
must  carry  its  supply  of  fuel  spirit  in  a  tank  or  receptacle  with 
suitable   outlet    valves,    through    which    it    may   be  drawn    as 
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required.  The  motor  proper  consists  of  three  parts;  the  car- 
buretter, or  vaporizer,  in  which  the  Hquid  hydro-carixin  is  trans- 
formed into  vapor ;  the  cylinder,  to  which  it  is  admitted  by  suc- 
tion, mixed  with  a  suitable  supply  of  pure  air,  compressed  and 
ignited,  and  an  ignition  apparatus  for  producing  the  spark  or  hot 
surface  essential  to  explosion.  So  far  as  the  operation  of  the 
cyhader  is  concerned  tr.ere  are  two  general  types  of  engine : 


Fio.Stt.— Section  tbrouKb  a  typica]  Float- Freil  Cw-buretter.  TfaiupMrtkuUrdeTice  tetbi- 
one  mbown  In  the  prevloiu  cut.  Hem  A  Is  Hip  bollow  c)'lindrH»]  float;  B.  tbe  ■plndlc 
of  tlia  IwedlB  valve;  C.  tube  for  admitting  hot  air  around  base  of  spnjrlnK  nonle;  l>, 
adjmlinK  acrBW  for  the  nealle  valve;  R,  adjustable  air  valve:  I,  outlet  for  fuel 
niliture  to  cylinder:  J,  adjuatabk'  opening  for  air:  K.  arm  for  attaching  IhrottllnK 
lever:  N.  spraying  nozzle;  O,  F.  Bcrew  caw  on  channel  frnmfloat  chamber;  8,  adjust- 
ing screw  for  ni)(UlaUng  gaaollne  spray;  T,  air  vent:  O,  Hllerlug  gauze. 

scavenging  engines,  in  which  all  the  bumed-out  gases  are  ex- 
pelled from  the  cylinder,  and  non-scavenging  engines,  so  con- 
structed and  operated  that  a  certain  portion  of  these  residua  are 
retained  in  the  clearance. 

There  are  two  general  types  of  carburetter :  surface  carburet- 
ters that  operate  by  evaporation,  and  float-feed  carburetters,  or 
sprayers,  A  third  variety  of  carburetting  device  is  recognized 
by  some  authorities  in  the  type  of  gasoline  outlet  valves,  such  as 
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the  James-Lunkenheimer,  or  the  Winton,  in  which  the  gasoline 
outlet  is  opened  with  the  air  valve,  permitting  a  quantity  of  gaso- 
line to  pass  in  proportion  to  the  time  of  opening.  This  is  mixed 
with  the  air  passing  through. 

There  are  several  methods  used  for  igniting  the  charge  in  a 
gas  engine  cylinder.  Among  them  may  be  mentioned  the  gas 
jet  and  hot  tube  of  the  Otto  engines;  the  hot  head  of  the 
Hornsby-Akroyd  and  the  hot  wall  of  the  Diesel  motor.  Al- 
though vehicle  engines  of  the  Daimler  type  still  retain  the  hot 
tube  ignition,  most  of  them  operate  with  an  electric  spark. 
Electric     sparking     devices     are     of     three     general     types: 


1  and  MtttqhmenW  or  >  Ou  Engine  Cylinder.  A  Is 
fnkt  port  befiinci  inlet  valve  lield  in  its  »eat  by  a.  tenslDn  aprlng;  fl,  tlie  spark  pluR 
"Jump-Bpark      tjaiiti<.n;  C.  IliB  push  rod  and  compression  spring  of  lUe  exliaunl 

._.;e:  D.  the  rilni  opening  tho  elliuust:  E.  tlic  exhaust  port;  F.  the  roller  at  end  of 

valre  rod  bearing  on  ttie  vam.  D. 

jump  sparks,  wiping  sparks  and  break-contact  sparks. 
The  first  variety  is  usually  produced  from  a  high-ten- 
sion current — one  emerging  from  the  secondary  circuit 
of  an  induction  coil,  the  primary  circuit  being  made  and 
broken  at  timed  intervals  so  as  to  produce  a  spark  between  two 
points  in  the  secondary,  as  the  circuit  is  thus  broken.  The  two 
latter  varieties  of  spark  are  usually  produced  direct  from  the 
primary  current.  Many  authorities  consider  the  break-contact 
spark  as  a  variation  of  the  ordinary  wipe  spark,  in  which  the 
contact  has  been  so  reduced  as  to  escape  the  great  wear  occa- 
sioned by  constant  rubbing  of  metal  surfaces.    The  electric  cur- 


840 


SELF'PKOPELLED   VEHICLES, 


rent  for  ignition  purposes  may  be  generated  by  ordinary  chemi- 
cal cells,  or  by  a  magneto-generator  or  small  dynamo. 

The  cylinder  is  supplied  and  exhausted  by  ports  closed 
by  poppet  or  mushroom  valves,  held  in  position  by 
springs.  The  exhaust  valve  is  positively  operated  by  cams 
geared  to  the  main  shaft ;  the  feed  valve  is  generally  operated  by 
suction  of  the  piston,  although  some  motors  have  it  also  posi- 
tively geared.  Another  important  function  in  a  gas  engine  is 
that  of  cooling  the  cylinder ;  for,  unlike  the  steam  cylinder,  which 
is  often  steam-jacketed  and  otherwise  protected  to  prevent  fall- 
ing temperature  from  checking  expansion,  the  gas  engine  cylin- 


Fio.  284.--Section  through  a  t^'pic&l  Trunk  Piston  for  a  Qasoline  Eneine.  Around  the  cir- 
cumference, near  the  rear  end.  are  three  circular  f^rooves  for  inserting  the  packing 
riu;;H.  Through  the  central  diameter  is  a  perforation  for  admitting  the  piston  pin, 
which  is  held  in  place  by  square-headed  screws. 

The  proportions  of  tne  piston  pm  must  be  carefully  calculated  for  the  load  it  is  intended 
to  bear.  In  general,  the  length  of  the  piston  pm  should  be  equal  to  that  of  the  crank 
pin,  and  its  diameter  such  as  to  bear  an  average  of  750  pounds  for  each  souare  inch 
of  its  projected  area.  As  given  by  Roberts,  the  proper  diameter  of  the  pin  may  be 
dQtf^r mined  as  follows: 


Diameter  = 


Cylinder  area  X  M.  E.  P. 
750  X  length  of  pin. 


der  must  be  regularly  cooled,  so  as  to  be  maintained  at  a  tem- 
perature sufficiently  low  to  prevent  premature  ignition  of  the 
charge  and  consequent  disarrangement  of  the  cycle.  It  is  also 
necessary  to  avoid  such  high  degrees  as  would  cause  carboniza- 
tion of  the  lubricating  oil,  although  oils  are  produced  that  will 
give  a  fire  test  of  over  600°,  a  point  sufficiently  high  for  most 
well  designed  motors.  With  inferior  grades  of  lubricating  oil, 
and  insufficient  cylinder-cooling  devices,  the  danger  of  the  en- 
gine "grinding  itself  to  pieces"  is  generally  to  be  feared.  This 
ig  one  excellent  reason,  as  stated  by  several  authorities,  why  an 
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air-cooled  cylinder  is  insufficient  for  vehicle  motors  of  more 
than  two  horse-power.  It  does  not  cool  rapidly  enough.  There 
are  two  methods  of  cylinder-cooling:  air-cooling  by  transverse, 
or  longitudinal  ribbing,  by  radiating  pins  or  by  rotary  fan ;  and 
water  cooling,  by  circulation  of  water  or  other  liquid  through 
jacket  spaces  around  the  cylinder  chamber. 

The  operation  of  the  engine,  as  regards  both  speed  and 
power,  is  controlled  in  two  ways:  by  a  centrifugal  gov- 
ernor on  the  main  shaft,  or  by  a  throttling  lever  at 
the  driver's  hand.  The  mechanical  governors  are  of  two  kinds. 
In  the  first  we  have  those  operated  on  the  "hit-and-miss"  prin- 


Fio.  28S.— Piston  Packing  Ring  for  a  Gas  Engine  Cylinder.  The  inner  and  outer  ciroum- 
ferences  are  eccentrically  arranged,  so  as  to  permit  of  considerable  expaubiuu  uuucr 
heat. 

ciple,  which  involves  some  form  of  cam  and  push  rod  mechanism 
to  be  thrown  out  of  gear  at  high  speeds  and  cause  the  engine  tc 
miss  charge  or  exhaust  by  opening  or  closing  the  exhaust  valve, 
or  closing  the  feed  valve  during  one  or  several  strokes.  Such  a 
variety  of  governing  mechanism  may  also  be  geared  to  open  the 
circuit  of  the  sparking  current,  thus  preventing  timed  ignition. 
The  latter  method,  however,  involves  short-circuiting  the  bat- 
tery and  is  seldom  used  where  chemical  cells  supply 
the  current.  A  second  theory  of  governor  regulation 
involves  mechanical   operation  of  a   throttle  valve,  either  for 
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the  pure  gasoline  supply  or  for  the  mixture  leaving  the  car- 
buretter under  piston  suction.  The  latter  of  these  is  the  prefer- 
able under  most  conditions  since,  unlike  the  former,  it  seldom 
allows  the  feeding  of  a  mixture  that  may  not  be  exploded,  as 
must  be  the  case  if  the  original  source  of  gasoline  is  throttled. 


Fio.  286.->Fly- Wheel  of  an  Engrine.  Since  the  fly-wheel  of  a  gas  engine  serres  the  func- 
tion of  *^  storing  up  **  energv  and  equalizing  the  conditions  of  operation,  its  propor- 
tions must  be  carefully  calculated.  As  given  by  Roberts,  the  proper  weight  for  a 
given  engine  may  be  found  as  follows: 

--,  ,  .  ^                     I.  H.  P.  X  111,600,000,000 
Weight  = — — 

(wheel    diameter)'  X  (R.  P.  M.)"  X  E 

in  which  E  is  the  co-efflcient  of  permissible  unsteadiness.  The  same  authority  says 
that  the  length  of  the  hub  should  be  between  1.5  and  2.5  the  diameter  of  the  crank 
shaft;  and.  that  the  outside  diameter  of  the  wheel  should  be  between  4  and  5  times 
the  stroke  length,  which,  with  a  rim-speed  of  6,000  feet  per  minute,  which  is  the  prac- 
tical maximum,  gives  the  formula: 

1910 

Diameter  = . 

R.  P.  M. 

Here,  1910  is  the  approximate  quotient  between  6,000  and  8.14159,  or  the  ratio  between 
the  circumference  and  diameter  of  a  circle. 


Construction  of  the  Cylinder  and  Piston The  cylinder  of 

an  internal  combustion  motor  is  open  at  the  front  and  has  the 
valves  for  admitting  and  expelling  the  fuel  at  the  rear.  The 
piston  is  always  of  the  "trunk"  pattern — a  cylindrical  box  some- 
what shorter  than  its  stroke  and  in  length  usually  about  one- 
third  more  than  its  diameter.  For  smaller  types  of  motor  the 
side  walls  of  the  piston  are  about  5-16  inch  in  thickness,  never 
less,  and  the  rear  end  wall  is,  as  a  usual  thing,  somewhat  more. 
The  cylinder  and  piston  are  machined  so  as  to  give  a  play  of 
about  .001  inch,  thus  allowing  the  piston  to  move  easily  in 
the  length  of  the  bore.     In  order  to  further  ensure  a  good  fit, 
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three,  and  sometimes  four,  iron  rings  are  inserted  in  grooves  cut 
in  the  circumference  of  the  piston  near  the  rear  end,  and  held 
in  position  with  dowel  screws.  These  piston  rings  are  so  made 
that  the  external  and  internal  circumferences  form  eccentric 
circles,  as  shown  in  the  accompanying  figure.  They  are  also  cut 
open  at  one  point.  By  this  means  is  secured  a  play  in  the 
grooves  of  at  least  1-32  inch,  which  allows  for  expansion  and 
lengthening  of  the  rings  under  heat  of  the  ignited  fuel.  The 
rings  are  sprung  on  over  the  junk  rings  between  the  grooves, 
and  when  in  place  should  have  an  outside  diameter  which  can 
fit  the  cylinder  bore.  This  bore  is  usually  one  or  two-thou- 
sandths of  an  inch  larger  than  the  outside  diameter  of  the 
piston.  Owing  to  the  fact  that  the  heat  produced  in  an 
explosive  motor  cylinder  is  greater  than  in  a  steam  cylinder,  a 
slight  play  is  allowed  for  the  rings  at  the  sides. 

The  Crank  and  Drivini:  Qear. — In  the  disposition  of  the 
crank  and  driving  connections,  the  explosive  motor  differs  again 
from  the  steam  engine.  The  piston  rod  in  the  steam  engine 
slides  through  the  stuffing  box  in  the  cylinder  head,  and  the 
crank  is  attached  to  the  end  at  the  cross  head,  which  works 
between  guides.  The  gas  engine  cylinder,  being  open  at  the 
forward  end,  has  no  head  or  stuffing  box  and  no  piston  rod 
proper;  in  fact,  the  crank  and  piston  rod  are  combined  in  one. 
The  crank  is  hung  on  the  gudgeon  pin  fixed  midway  in  the 
length  of  the  hollow  trunk  piston,  and  works  on  the  crank  shaft, 
upon  which  the  fly  wheel  is  secured.  Although,  as  we  have 
already  seen,  the  small  steam  engines  for  vehicle  use  dispense 
with  the  fly  wheel,  such  a  balance  is  positively  essential  in  a  gas 
engine  of  any  size  or  power.  The  reason  for  this  lies  in  the  fact 
that  the  ordinary  four-cycle  motor,  having  but  one  power  stroke 
in  every  two  revolutions  of  the  crank  shaft,  requires  a  heavy  fly 
wheel  to  counteract  the  speed  fluctuations  and  to  "store  up" 
energy  sufficient  to  carry  the  rotation  througli  the  three  idle 
strokes  of  exhaust,  inhaust  and  compression.  For  this  reason 
gas  engine  fly  wheels  are  made  much  heavier  than  those  designed 
for  steam  engine  use.  Many  gas  and  gasoline  motors  are  also 
made  with  two  fly  wheels,  one  on  either  side  of  the  crank  pin, 
which  is  in  fact  attached  midway  on  a  radius  of  the  two  wheels, 
or  "discs,"  as  in  all  enclosed  crank  case  motors. 


CHAPTER   TWENTY-FOUR. 

THE    PRESSURE,   TEMPERATURE    AND    VOLUME    OF    GASES    IN 

A   GAS   ENGINE. 

Operation  of  Explosive  flotors.— Since  an  explosive  motor 
operates  through  the  rapid  expansion  of  gas  under  conditions  of 
combustion,  calculations  to  determine  its  power  and  other  ca- 
pacities must  be  based  on  considerations  of  volume,  pressure  and 
temperature.  As  may  be  readily  understood,  either  of  these 
elements  may  be  taken  as  a  basis  for  calculations  including  the 
others,  since,  other  things  being  equal,  the  degree  of  temperature 
produces  the  volume,  or  the  relative  tendency  to  expansion,  and 
the  increase  of  volume  to  a  certain  point  involves  increase  of 
pressure.  Thus  it  follows  that  the  whole  cycle  of  a  gas  engine  is 
characterized  by  a  proportionate  increase,  the  factors  of  variation 
being  considered,  in  the  elements  productive  of  power  and 
motion.  At  the  aspirating,  or  inhaust,  stroke,  the  outward  move- 
ment of  the  piston,  by  creating  a  partial  vacuum,  causes  the  feed 
valves  to  open  under  atmospheric  pressure,  thus  indicating  that 
the  pressure  within  is  lower  than  that  of  the  atmosphere  without. 
At  explosion  the  volume  and  temperature  are  raised,  and  at  the 
end  of  the  scavenging  stroke,  the  exhausted  products  of  com- 
bustion are  expelled  with  a  torc^  indicative  of  a  pressure  several 
times  greater  than  the  atniosphere.  The  inhaust  stroke  being 
completed,  and  the. feed  yaives  closed  by  force  of  a  spring,  there 
is  no  considerable  increase'  in  volume  and  pressure  due  to  con- 
tact with  the  hot.  cylinder  walls,  nor  yet  from  the  residuum  of 
burnt  products  in  the  .clearance  or  combustion  chamber, 
although,  owing  to  the  valve  spring,  the  pressure  of  the  con  - 
tained  gases  is  below  one  atmosphere.  As  shown  by  average 
indicator  tracings,  the  rise  in  pressure  during  the  inhaust  stroke 
is  from  a  negative  point  to  generally  about  13.50  pounds  to  the 
square  inch.  So  soon,  however,  as  the  compression  stroke 
begins,  the  indicator  tracing  shows  a  steady  rise  from  14.7 
pounds  to  the  square  inch,  or  normal  atmospheric  pressure,  to 
65  or  70  pounds  at  the  completion  of  the  stroke,  the  rise  in  tem- 
perature being  on  an  increasing  ratio  during  the  latter  half, 
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although  during  the  first  half  approximately  regular.  That  the 
superheated  residua  of  combustion  in  the  clearance,  being  again 
compressed,  are  effective  in  producing  the  rapid  rise  at  the  end 
of  the  stroke  is  suggested  by  the  fact  that  the  figures  for  both 
pressure  and  temperature  are,  other  things  equal,  greater  for  a 
non-scavenging  than  for  a  scavenging  engine.  At  the  end  of  the 
compression  stroke  the  gas  mixture  in  cylinder  has  attained  its 
greatest  density,  also  its  greatest  pressure  and  temperature  pre- 
vious to  combustion.  It  is  then  ready  for  firing,  which  is  accom- 
plished very  shortly  before  the  piston  begins  the  second  out- 
stroke,  the  explosion  serving  to  bring  the  gas  to  the  maximum 
point  for  volume,  pressure  and  temperature  alike.  In  fact,  the 
effect,  as  shown  by  thermometer  and  indicator  tests,  is  that  the 
temperature  in  a  gas  engine  cylinder  rises  during  this  stroke 
from  between  500  and  700.  degrees,  absolute,  as  noted  when  the 
engine  is  running  at  good  speed,  to  between  1,500  and  2,000 
degrees,  on  the  average,  and  the  pressure  from  an  indicated  65 
or  70  pounds  to  200  or  230  pounds  per  square  inch.  The  fall  in 
both  particulars  is  equally  rapid  during  the  succeeding  in-stroke, 
when  the  burnt  gases,  under  impulse  from  the  piston,  are  ex- 
pelled through  the  open  valves.  At  the  compjetion  of  this  ex- 
haust stroke,  accordingly,  the  same  cycle  of  pressure  and  tem- 
perature transitions  is  begun  again,  all  superfluous  heat  units 
having  been  carried  off  in  the  exhaust  and  through  the  cylinder- 
cooling  system. 

Regarding  the  time  of  firing  practice  differs  considerably. 
Generally,  as  stated  above,  it  is  slightly  before  the  beginning  of 
the  power  stroke,  in  order  to  allow  time  for  the  burning  gas  to 
begin  expansion.  Slow-speed  motors  are  generally  fired  very 
slightly  after  the  dead  centre.  With  high-speed  motors  it  varies 
from  about  5  degrees  after  dead  centre  to  30  or  40  degrees 
ahead  (as  measured  on  the  crank).  With  a  large  spark,  hot 
motor  and  well-mixed  fuel,  the  advanced  spark  is  seldom  set 
more  than  15  or  20  degrees  ahead. 

Principles  of  Pressure  and  Temperature  in  Gases — As  we 

have  already  explained  in  the  section  on  steam  engines,  a  leading 
property  of  gases  is  that,  the  temperature  remaining  about  the 
same,  an  increase  in  volume  involves  a  corresponding  decrease 
in  pressure,  and,  that  to  maintain  even  a  constant  pressure  in  an 
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expanding  gas,  the  temperature  must  be  raised  on  a  steadily 
increasing  ratio.  In  other  words  a  given  cubic  content  of  ex- 
panding gas,  at  a  constant  temperature,  shows  a  lower  pressure 
per  square  inch  as  the  expansion  progresses,  and,  in  order  to 
obtain  a  given  total,  original,  efficient  pressure  the  cubic  content 
of  the  cylinder  must  increase  with  the  expansion.  On  the  other 
hand,  if  a  given  cubic  content  of  gas  be  compressed  to  half  its 
normal  volume,  without  involving  an  accompanying  increase  in 
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temperature,  the  pressure  is  doubled.  In  either  case,  an  undue 
increase  of  temperature  operates  to  neutralize  the  stated  prin- 
ciple. 

Fom  these  facts  we  may  deduce  the  principles  that : 
t.  The  pressure  of  a  gas  varies  inversely  with  the  volume  and 
directly  with  the  temperature. 

2.  The  volume  of  a  gas  varies  inversely  with  the  pressure  and 
directly  with  the  temperature.   ' 
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3.  The  temperature  of  a  gas  varies  directly  with  both  the 
pressure  and  the  volume. 

To  state  these  principles  in  another  way,  we  may  say : 

1.  An  increased  pressure  involves  a  decreased  volume  or  an 
increased  temperature. 

2.  An  increased  volume  involves  a  decreased  pressure  or  an 
increased  temperature. 

3.  An  increased  temperature  involves  an  increased  volume  and 
an  increased  pressure. 

As  the  operative  conditions  in  a  gas  engine  are  immensely 
irregular  no  formulae  can  precisely  express  the  proper  tem- 
perature, volume  or  pressure  for  theoretical  situations.  Since, 
however,  the  attributes  of  the  fuel  gas  at  various  points  in  the 
cycle  series  are  in  direct  proportion  to  the  dimensions  of  the 
cylinder,  the  length  of  the  stroke,  the  cubic  content  of  the  clear- 
ance, and  the  percentage  of  atmospheric  air  in  the  explosive 
mixture,  very  exact  figures  may  be  found  to  express  the  power 
and  capacity  of  any  particular  engine. 

Proportionate  Fissures  for  Temperature  and  Pressure — In 

the  operation  of  the  explosive  motor  the  fuel  gas  is  confined 
within  the  cylinder,  so  long  as  its  properties  are  significant  in 
calculation  on  power  and  speed.  The  figures  for  the  total  cylin- 
der content  being  then  determined,  we  have  a  constant  standard 
of  comparison  for  calculating  the  pressure  and  temperature  of  a 
given  mixture  of  gas  and  air  under  the  several  cycular  conditions. 
For,  although  the  contained  gas  ocupies  the  same  cubic  content 
at  the  beginning  of  the  compression  stroke  and  at  the  end  of  the 
firing  stroke,  it  is  obvious  that  its  proper  volume  is  vastly  in- 
creased at  the  latter  moment,  as  indicated  by  the  raised  pressure 
and  temperature  figures.  But,  following  the  principles  laid  down 
above,  we  find  that  the  figures  are  regular  and  proportionate  as 
between  the  initial  and  final  volumes,  pressures  and  temperatures. 
The  following  formulae  express  these  conditions : 

Let  P'    be  the  initial  pressure. 
Let  P"  be  the  final  pressure. 
Let  T'   be  the  initial  temperature. 
Let  T"  be  the  final  temperature. 
Let  V    be  the  initial  volume. 
Let  V"  be  the  final  volume. 
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Then  :— 

Pi     T"  'P'     P" 


rPi 


T' 


From  these  formulae  we  may  deduce  the  obvious  rules  that : 

1.  The  final  volume  divided  by  the  initial  volume  is  equal  to 
the  final  pressure  divided  by  the  initial  pressure;  or,  the  final 
volume  divided  by  the  initial  pressure  is  equal  to  the  initial 
volume  divided  by  the  final  pressure.  Having  reduced  this  to  a 
definite  basis  we  have  it  that  the  final  volume  equals  the  quotient 
found  by  dividing  the  product  of  the  initial  pressure  and  initial 
volume  by  the  final  pressure. 

2.  On  precisely  similar  lines,  the  final  pressure  equals  the 
quotient  found  by  dividing  the  product  of  the  initial  pressure 
and  initial  volume  by  the  final  volume. 

3.  The  final  pressure  also  equals  the  quotient  found  by 
dividing  the  product  of  the  initial  pressure  and  final  temperature 
by  the  initial  temperature. 

4.  The  final  temperature  equals  the  quotient  found  by  dividing 
the  product  of  the  initial  temperature  and  final  pressure  by  the 
initial  pressure. 

In  calculating  practical  figures  the  initial  volume,  pressure 
and  temperature  may  be  those  taken  at  the  beginning  of  the  com- 
pression stroke,  when  the  figure  for  volume  is  at  the  highest 
point  and  the  figures  for  pressure  and  temperature  are  at  the 
lowest  points,  independent  of  any  external  agency  that  can  mod- 
ify them.  The  formulae  given  above  may  be  used  for  calculating 
between  the  initial  point  and  any  subsequently  following  by  com- 
paring its  figures  with  the  figures  found  at  that  given  point.  In 
practice,  however,  they  are  always  used  in  connection  with  the 
absolute  figures  for  pressure  and  temperature,  next  to  be  de- 
scribed. 

Absolute  Fissures  for  Pressure  and  Temperature.— As   is 

obvious,  the  proportions  of  the  cylinder  content,  stroke  and  clear- 
ance are  always  constant  and  known.  Those  for  temperature  may 
be  found  on  the  thermometer  scale:  those  for  pressure,  by  the 
indicator  gauge.    In  practice,  however,  it  is  customary  to  use  "ab- 


J'f!£SSUJ!£,   TEMPERATURE  AND   VOLUME.  349 

solute  figures,"  as  they  are  called,  which  represent  the  sum  of  the 
thermometric  or  the  gauge  figures  with  certain  constants  deter- 
mined by  calculation  and  experience.  Thus  the  absolute  pressure 
is  the  gauge  pressure  plus  14.7,  which  is  the  atmospheric  press- 
ure in  pounds  per  square  inch.    The  absolute  temperature  is  the 
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sum  of  the  sensible  thermometric  temperature  and  the  constant 
461.  This  latter  figure,  which  is  properly  expressed  as  460,66. 
represents  the  total  number  of  degrees  on  the  Fahrenheit  scale 
from  32°  below  the  freezing  point  of  water  to  the  absolute  zero 
of  temperature,  as  calculated  by  the  expansion  ratio  of  gases. 
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Thus,  in  calculating  temperatures  in  gas  engine  practice,  the  cus- 
tom is  to  count  from  absolute  zero.  For  example,  instead  of 
64°,  writing  525°,  and  instead  of  32",  writing  493'',  or,  more  cor- 
rectly, 492.66''.  The  utility  of  this  system  lies  in  the  fact  that,  as 
a  gas  has  been  found  to  expand  by  1-273  of  its  original  volume 
for  each  degree,  centigrade,  or  by  1-461  for  each  degree,  Fahren- 
heit, of  increased  temperature,  we  have  by  the  use  of  absolute 
figures  an  opproximate  expression  for  both  increased  heat  and 
increased  volume  in  the  same  number. 

On  a  scale  giving  as  a  unit  one  part  out  of  493  for  32**,  and  one 
part  out  of  525  for  64**,  we  have  a  co-efiicient  of  expansion  that 
is  capable  of  ready  verification.  The  same  line  of  reasoning  holds 
good  for  pressure  calculations,  which  start  from  a  theoretical 
zero  at  the  beginning  of  the  inhaust  stroke,  and  are,  theoretically, 
reducible  to  atmospheric  conditions  only  by  the  addition  of  the 
14.7  pounds  per  square  inch.  For  this  reason  tables  giving  the 
pressure  series  for  gas  cylinders  of  various  proportions  at  the 
end  of  the  compression  stroke  most  often  start  from  the  theoreti- 
cal one  pound  pressure  per  square  inch,  which  column  gives  the 
figures  to  be  multiplied  by  the  ascertained  pressures  at  the  begin- 
ning of  the  compression  stroke  for  any  given  motor. 

ileasurini:  the  Conditions  of  Operation.^-The  factors  enter- 
ing to  vary  the  figures,  with  the  same  initial  pressures  in  different 
engines,  are  the  ratio  of  compression  and  the  percentage  of  the 
clearance  volume,  as  compared  with  the  total  cylinder  volume. 
The  ratio  of  compression  is  found  to  be  equal  to  the  quotient  of 
the  total  volume  of  the  cylinder  from  the  beginning  to  the  end 
of  the  stroke,  including  also  the  clearance,  divided  by  the  volume 
of  the  clearance,  which,  as  is  evident,  is  never  decreased  during 
any  portion  of  a  stroke.  The  percentage  of  the  clearance  volume 
is  similarly  found  by  dividinof  the  volume  of  the  clearance  by 
the  volume  of  the  piston  displacement :  in  other  words,  it  is  the 
quotient  of  the  cubic  content  of  the  clearance,  from  the  rear  of 
the  cylinder  to  the  rearmost  reach  of  the  piston  at  the  end  of  an 
in-stroke,  divided  by  the  cubic  content  of  that  portion  of  the 
cylinder  included  between  the  inmost  point  of  the  in-stroke  and 
the  outmost  point  of  the  out-stroke,  as  indicated  by  the  position 
of  the  rear  end  of  the  piston  at  those  two  points.  Having^  ascer- 
tained these  proportions  for  any  given  engine  the  absolute  figures 
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for  operating  pressure  and  temperature  may  be  readily  found. 
Thus,  in  order  to  find  the  pressure  per  square  inch  at  the  end  of 
the  compression  stroke,  it  is  necessary  only  to  multiply  the  figure 
corresponding  to  an  engine  with  the  given  compression  ratio  and 
percentage  of  clearance  by  the  ascertained  gauge  pressure  at  the 
beginning  of  the  stroke,  or  any  other  required  pressure  at  the 
same  point.  Thus  the  initial  pressure  at  theoretical  unity  for  a 
cylinder  having  a  compression  ratio  of  3  and  a  clearance  per- 
centage of  50  is  4407,  which  multiplied  by  13,  the  gauge  or 
desired  pressure,  gives  57.29;  by  13.2,  gives  58-17;  by  13.5,  gives 
5949;  by  14,  gives  61.69;  by  14.7,  gives  64.78. 


The  compression  temperature  is  similarly  determined  by  multi- 
plying the  found  or  required  absolute  temperature  at  the  begin- 
ning of  the  stroke  by  the  figure  for  one  degree  for  a  type  of 
engine  having  the  same  compression  ratio  as  the  one  in  ques- 
tion. Thus,  for  an  engine  having  the  ratio  at  3,  the  theoretical 
initial  temperature  is  estimated  as  146°,  which,  for  an  initial 
absolute  temperature  of  525°  gives  766°,  and  for  560°  gives  822*. 

Since  these  processes  are  of  importance  in  calculating  the 
power  of  a  gas  engine,  it  is  well  to  enter  into  the  general  prin- 
ciples involved,  as  introductory  to  a  more  extended  study  of  the 
subject.    The  cubic  content  of  a  cylinder,  together  with  the  con- 
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tent  of  the  stroke  and  clearance  areas  may,  of  course,  be  cal- 
culated by  knowing  the  diameter  and  length  of  the  cylinder  and 
the  length  of  the  stroke.  A  more  practical  method  for  unskilled 
mathematicians  and  mechanicians  is  that  suggested  by  E.  W. 
Roberts  in  his  "Gas  Engine  Handbook."  As  described  by  him 
the  process  is,  briefly,  to  turn  the  crank  to  a  dead  center  and  dose 
the  valves,  and  then  fill  the  cylinder  with  water.  By  altering  the 
position  of  the  piston  rod  from  in-stroke  end  to  out-stroke  end, 
the  cubic  content  of  both  clearance  and  total  cylinder  may  be 
accurately  estimated.  The  water  having  been  weighed  before 
pouring  it  into  the  cylinder,  the  weight  of  that  left  over  is  a 
ready  indication  of  the  weight  of  that  within.  Now,  as  is  well 
known,  water  at  a  temperature  of  39.1°  weighs  62.5  pounds  per 
cubic  foot.  Thus,  when  the  temperature  of  the  water  is  higher 
than  39.1**  its  weight  per  cubic  foot  may  be  found  by  the  follow- 
ing formula,  in  which  T  is  the  thermometric  temperature,  461, 
the  constant  of  absolute  temperature,  and  500,  the  absolute  tem- 
perature of  water  at  39.1**. 

62.5  X  2 


T^+  461    ,     500         =    Weight  per  cubic  foot. 

~"500  '  T  +"461 

This  formula  is  particularly  convenient  where  the  cylinder  has 
a  spherical  or  enlarged  combustion  chamber,  which  would  in- 
volve mathematical  processes  of  considerable  intricacy  to  prop- 
erly estimate  its  content.  As  it  is,  the  only  requirement  is  that 
we  substitute  the  ascertained  temperature  figures  for  T  wherever 
it  occurs;  reduce  the  factions  to  a  common  denominator,  and 
perform  the  indicated  additions  and  divisions. 

Application  of  tlie  Pormulae. — Taking  the  fuel  gas  at  con- 
stant volume — ^this  is  theoretically  the  condition  in  the  gas 
engine — and  raising  its  temperature  through  a  certain  number  of 
degrees  involves  a  proportionate  increase  in  pressure.  Thus, 
knowing  the  initial  and  final  temperatures,  we  may  derive  the 
gauge  pressure  of  compression,  since  the  pressure  of  a  gas  is  in 
direct  ratio  to  the  temperature.  If  from  an  absolute  initial  tem- 
perature of  525**  (64**  plus  461)  we  have  a  final  temperature  of 
2161**  (1700°  plus  461),  the  increase  or  acquired  temperature  is 
1636**.     Beginning  at  525**,  the  ratio  of  increasing  volume  and 
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temperature  is  i-525th,  or  .0019047.  Then,  multiplying  together 
the  ratio  thus  found,  the  acquired  temperature  and  the  absolute 
mitial  pressure  (14.7),  we  have  the  gauge  pressure  of  compres- 
sion, which  is  45.80  pounds  to  the  square  inch.  As  may  be  read- 
ily demonstrated  by  performing  the  same  operations  with  other 
initial  and  final  figures,  the  initial  presure  is  in  strict  proportion 
to  the  volume  and  temperature.  Other  things  being  equal,  there- 
fore, it  might  seem  reasonable  to  lay  down  the  rule  that,  the 
higher  the  pressure  of  compression,  the  greater  the  rise  in  tem- 
perature at  the  point  of  ignition  and,  consequently,  the  greater 
the  efficiency  in  units  of  work.  Accordingly,  we  find  that,  while 
in  many  early  gas  engines  this  pressure  was  very  much  below 
fifty  pounds  to  the  square  inch,  with  the  more  modern  and  im- 
proved patterns  it  strikes  an  average  in  the  neighborhood  of 
seventy  pounds.  It  must  not  be  forgotten,  however,  that  this 
rule  has  very  definite  limitations,  and  that  beyond  a  certain  point 
of  increased  compression  pressure  the  efficiency  ratio  begins  to 
decrease  rapidly.  As  has  been  already  suggested,  the  ratio  of 
compression  is  to  be  calculated  on  the  proportions  existing  be- 
tween the  clearance,  or  combustion  chamber,  and  the  total  effec- 
tive length  of  the  cylinder,  as  shown  by  the  area  of  the  piston 
sweep,  or  stroke.  Consequently  a  decrease  in  the  clearance  con- 
tent involves,  to  a  certain  point,  a  proportionate  increase  in  the 
ratio  of  compression,  with  commensurately  higher  temperature 
and  efficiency.  Thus,  applying  the  rule  for  calculating  the  com- 
pression ratios  of  two  cylinders,  in  which  the  clearance  ana  total 
content  are  in  proportion  of  2  to  4  and  i  to  4,  respectively,  we 
derive  the  following  expressions : 


2 


=     3  "    ^  "     =     5 


Such  a  result  may  come  either  from  decreasing  the  clearance, 
increasing  the  stroke  sweep,  or  varying  the  figures  in  both  par- 
ticulars. 

Taking  a  theoretical  one  pound  pressure  and  one  degree  tem- 
perature, initial,  we  have  the  following  figures  for  varying  com- 
pression ratios  in  non-scavenging  engines,  derived  as  above : 

With  a  ratio  of  3,  we  have  4.407  for  pressure  and  1.4689  for 
temperature;  with  4.  we  have  6.498  and  1.6245,  respectively;  with 
5,  we  have  8.783  and  1.7564;  with  6,  in  the  same  way,  11.233  and 
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1.8722.  These  figures,  multiplied  by  the  ascertained  initial  press- 
ure and  temperature  in  any  particular  engine  of  the  same  ratio, 
will  give  the  proper  figures  for  that  engine.  Fractional  figures 
range  between  those  given.  In  a  scavenging  engine — one  that 
IS  constructed  to  expel  the  whole  of  the  burned  products, 
although  never  fully  accomplishing  the  result  in  practice — ^the 
clearance  ratio  is  virtually  an  expression  for  the  total  cubic  con- 
tent swept  by  the  piston.  Since,  then,  the  stroke-sweep  xA  an 
engine  is  the  one  consideration,  as  compared  with  engines  of  dif- 
ferent proportions  in  this  particular,  we  should  have,  theoreti- 
cally, about  the  same  degree  of  pressure  and  temperature  as  are 
given  above.  As  estimated  by  several  authorities,  however,  the 
figures  vary  somewhat.  Thus,  as  before,  for  scavenging  engines 
at  the  theoretical  unity  for  initial  pressure  and  temperature,  with 
a  ratio  of  3,  we  have  4.264  for  compression  pressure,  and  14213 
for  compression  temperature;  for  4,  we  have  6.233  ^^^  i-57^» 
respectively;  for  5,  we  have  8.368  and  iJSyy/-,  and  for  6,  we  have 
10.646  and  1.7742.  The  figures  seemingly  indicate  a  difference 
of  rise  in  temperature  and  pressure  due  to  the  recompression  of 
burned  gases  that  is  about  .2  degree  for  a  compression  ratio  of 
3,  and  .1  degree  for  a  compression  ratio  of  6,  as  found  in  the 
former  type  of  engine  over  the  latter.  If  this  conclusion  is  cor- 
rect, as  some  authorities  seem  to  question,  we  find  that  the  heat 
efficiency  of  the  burned  gases,  as  found  at  the  end  of  the  com- 
pression stroke,  is  in  inverse  proportion  to  the  length  of  the 
stroke  in  any  given  engine,  indicating  the  greater  loss  of  heat 
units  to  the  jacket  water  of  the  cylinder  in  the  motor  of  pro- 
portionately longer  stroke.  Since,  then,  the  quantity  of  burned 
and  expanding  products  is  naturally  smaller  in  the  scavenging 
cylinder  than  in  one  of  the  other  type,  we  can  readily  under- 
stand how  that  the  figures  for  compression  pressure  and  tem- 
perature are  higher  for  the  latter  than  for  the  former,  as  pos- 
sessing an  absolutely  greater  internal  efficiency  for  heat  and 
pressure. 

Figures  on  Compression  Pressure — On  the  matter  of  com- 
pression figures  this  quotation  from  Hiscox  will  suffice: 

"It  has  been  shown  that  an  ideal  efficiency  of  33  per  cent,  for 
38  pounds  compression  will  increase  to  40  per  cent,  for  66 
pounds,  and  43  per  cent,  for  88  pounds  compression.    On  the 
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other  hand,  greater  compression  means  greater  explosive  press- 
ure and  greater  strain  on  the  engine  structure,  which  in  future 
practice  will  probably  retain  the  compression  between  the  limits 
of  40  and  60  pounds. 

"In  experiments  made  by  Dugald  Clerk  with  a  combustion 
chamber  equal  to  0.6  of  the  space  swept  by  the  piston,  with  a 
compression  of  38  pounds,  the  consumption  of  gas  was  24  cubic 
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feet  per  indicated  horse-power  per  hour.  With  0.4  compression 
space  and  61  pounds  compression,  the  consumption  of  gas  was 
20  cubic  feet  per  indicated  horse-power  per  hour;  and  with  0.34 
compression  space  and  87  pounds  compression,  the  consump- 
tion of  gas  fell  to  14.8  cubic  feet  per  indicated  horse-power  per 
hour — the  actual  efficiencies  being  respectively  17.21  and  25  per 
cent.    This  was  with  a  Crossley  four-cycle  engine." 


CHAPTER  TWENTY-FIVE. 

THE   METHODS  AND  CONDITIONS  OF  GAS    ENGINE    CYLINDER 

COOLING. 

Rate  of  Qas  Consumption. — As  given  by  several  authorities, 
who  base  their  calculations  upon  engines  possessing  the  most 
favorable  conditions  in  the  respects  above  enumerated,  and  using 
the  fuel  best  suited  to  the  end  in  view,  the  average  of  gas  con- 
sumption per  horse-power  per  hour  is  20  cubic  feet,  although,  as 
may  be  readily  understood,  such  figures  vary  with  the  kind  and 
quality  of  fuel  and  the  proportions  in  such  matters  as  are  men- 
tioned by  Hiscox,  as  above  quoted.  There  are,  however,  other 
considerations  entering  into  the  judgment  of  ideal  efficiency  and 
some  of  these  we  will  proceed  to  treat. 

The  Conditions  of  Efficiency. — The  efficient  power  of  a  gas 
engine  is  not  a  matter  dependent  wholly,  or  even  largely,  on 
relative  proportions  among  any  of  the  working  parts,  and,  at 
most,  the  figures  g^ven  above  are  averages  for  the  best  obtain- 
able conditions.  Such  favorable  conditions  consist  very  largely 
in  such  economy  as  may  be  obtained  by  keeping  the  jacket 
water  at  proper  temperature — the  higher  temperatures  at  a  few 
degrees  below  the  boiling  point  seem  best  calculated  to  prevent 
over-absorption  of  heat  units  at  every  stage  of  the  cycle — ^and  to 
such  as  may  be  obtained  by  securing  fuel  mixtures  and  condi- 
tions favorable  to  rapid  ignition.  Bearing  in  mind  these  elements 
of  variation  in  our  estimates  on  power,  we  may  readily  under- 
stand that  the  efficiency  of  a  gas  engine  is  expressed  by  "the 
ratio  of  heat  units  turhed  into  work,  as  compared  with  the  total 
heat  produced  by  combustion."  By  far  the  greater  proportion 
of  gas  engines — those  employed  alike  for  general  power  purpose^ 
and  in  propelling  motor  vehicles — have  water-cooled  cylinders*^ 
the  water  for  this  purpose  being  admitted  to  a  jacket  or  water 
space  cast  around  the  cylinder's  circumference,  and  circulating 
between  that  space  and  the  feed-tank  or  cistern,  in  accordance 
with  the  laws  of  liquids,  which  cause  the  heated  layers  to  rise 
from  the  bottom  to  the  top  of  the  reservoir,  and.  the  cooler  layers 
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lo  fall  correspondingly.  As  stated  above,  the  foremost  utility 
subserved  by  this  arrangement  is  that  the  temperature  of  the 
cylinder  is  normally  maintained  below  the  point  at  which 
the  lubricating  oil  will  otherwise  carbonize.  Further- 
more, the  walls  would  also  become  so  heated  that 
the  fuel  charge  would  be  fired  out  of  time»  with  the 
result  of  disarranging  the  cycle  and  rendering  the  en- 
gine inefficient.  That  this  result  would  follow  is  prac- 
tically demonstrated  in  engines  of  the  Hornsby-Akroyd  type, 
wherein,  instead  of  any  spark,  tube  or  other  timed  devices  to  fire 
the  charge  after  the  cylinder  has  fairly  taken  up  its  cycle,  the 
heated  walls  of  the  combustion  chamber  provide  the  necessary 
temperature  under  cycular  conditions.  This  combustion  cham- 
ber is  unjacketed  and  connected  to  the  jacketed  cylinder  cham- 
ber by  a  passage  of  small  diameter,  so  that  only  a  minute  portion 
of  the  contents  of  either  will  mix  freely,  except  under  compres- 
sion. During  the  aspirating  stroke  of  the  piston  the  gas  mixture 
is  fed  into  this  unjacketed  chamber,  and  the  air  into  the  cylinder 
space,  with  the  result  that,  no  portion  of  its  heat  being  absorbed 
by  jacket  water,  the  temperature  is  raised  to  the  firing  point  of 
the  fuel  by  the  mixture  of  air  under  the  added  pressure  of  the 
compression  stroke.  This  result  generally  follows  after  the  firing 
of  one  charge  by  external  means  of  raising  the  temperature,  and 
is  to  be  attributed  most  largely  to  the  absence  of  the  water- 
jacket.  Thus,  although  the  "cooling  system"  is  a  positive  neces- 
sity in  the  space  swept  by  the  piston,  for  the  reasons  above 
stated,  it  forms  a  serious  consideration  in  estimates  on  efficiency 
by  absorbing  a  large  proportion  of  the  heat  units  generated  by 
ignition  of  the  fuel,  and  thus,  under  any  conditions  operating  to 
reduce  the  total  efficiency,  even  though  by  only  a  fractional  ratio. 

Jacket  Water:  Its  Rate  and  Quantity. — On  this  point  His- 
cox  makes  an  interesting  statement  on  the  proportions  of  ab- 
sorbed and  efficient  heat  units,  as  estimated  under  typical  condi- 
tions.   He  says : 

"In  regard  to  the  actual  consumption  of  water  per  horse- 
power and  the  amount  of  heat  carried  oflf  by  it,  the  study  of  Eng- 
lish trials  of  an  Atkinson,  a  Crossley,  and  a  Griffin  engine  showed 
62  pounds  of  water  per  indicated  horse-power  per  hour,  with  a 
rise  in  temperature  of  50**  F.,  or  3,100  heat  units  carried  oflf  in  the 
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water  out  of  12,027  theoretical  heat  units  that  were  fed  to  the 
motor  through  the  19  cubic  feet  of  gas  at  633  heat  units  per 
cubic  foot  per  hour. 

"Theoretically,  2,564  heat  units  per  hour  is  equal  to  one  horse- 
power. Then,  0.257  of  the  total  was  given  to  the  jacket  water, 
0.213  to  the  indicated  power,  and  the  balance,  53  per  cent.,  went 
to  the  exhaust,  radiation  and  the  reheating  of  the  previous  charge 
in  the  clearance  and  in  expanding  the  nitrogen  of  the  air.     *     * 

"In  a  trial  with  a  Crossley  engine,  42  pounds  of  water  per 
horse-power  per  hour  were  passed  through  the  cylinder  jacket, 
with  a  rise  in  temperature  of  128"*  F.— equal  to  5,376  heat  units 
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Fio.  291.— Sectional  View  of  the  Water  Jackets  and  Water  Circulation  Connections  of  a 
Gas  Engine  Cylinder,  in  wbicii  the  circulation  o|)erates  tliroufirii  gravity.  The  arrows 
indicate  direction  of  circulation  current. 

to  the  water  from  12,833  ^^^^  units  fed  to  the  engine  through  20.5 
cubic  feet  of  gas  at  626  heat  units  per  cubic  foot. 


"An  experimental  test  of  the  performance  of  a  gas  engine 
below  its  maximum  load  has  shown  a  large  increase  in  the  con- 
sumption of  gas  per  actual  horse-power,  with  a  decrease  of  load, 
as  the  following  figures  from  observed  trials  show:  An  actual  12 
H.  P.  engine  at  full  load  used  15  cubic  feet  of  gas  per  horse- 
power per  hour;  at  10  H.  P.,  15^  cubic  feet ;  at  8  H.  P.,  16J  cubic 
feet ;  at  6  H.  P.,  18  cubic  feet ;  at  4  H.  P.,  21  cubic  feet ;  at  2  H.  P., 
30  cubic  feet  of  gas  per  actual  horse-power  per  hour.  This  in- 
dicates an  economy  gained  in  gauging  the  size  of  a  gas  engine  to 
the  actual  power  required,  in  consideration  of  the  fact  that  the 
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engine  friction  and  gas  consumption  for  ignition  are  constants 
for  all  or  any  power  actually  given  out  by  the  engine." 

Qas  Consumption  aad  Power  Bflicleticy. — Such  facts  bring 
us  to  an  interesting  situation  in  regard  to  estimating  for  the 
highest  power- efficiency  in  a  gas  engine.  As  has  already  been 
stated,  an  increase  in  compression,  involving  a  smaller  com- 
bustion chamber  or  a  longer  stroke,  ensures  a  higher  temperature 
and  explosive  force  at  ignition.  But,  in  obtaining  these  ends  by 
such  relatively  longer  piston-sweep,  we  are  met  by  the  difficulty 
incident  upon  exposing  the  ignited  gas  to  a  commensurately 
larger  area  of  he  at -absorption  through  the  circulating  jacket- 
water.  As  it  is  impracticable  to  leave  any  portion  of  the  sweep 
space  unjacketed,  it  is  obvious  that  economy  in  this  respect  must 
be  obtained  by  some  mechanical  or  physical  variation  in  the  con- 
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ditions.  Thus,  for  example,  considerable  economy  in  fuel-con- 
sumption may  be  obtained  by  increasing  the  speed  of  the  engine, 
which,  when  the  cycle  is  well  established,  involves  that  the  explo- 
sive impulses  succeed  one  another  so  rapidly  that  the  percentage 
of  heat  units  absorbed  by  the  jacket  water  is  constantly  reduced. 
This  fact  is  shown  by  the  data  above  quoted  for  a  12  H.  P.  engine, 
driven  successively  at  10,  S.  6,  4  and  2  H.  P.  and  showing  an 
increase  in  gas-consumption  per  horse-power  in  inverse  ratio  to 
the  effective  power-output.  Such  a  reduction  of  power-output 
involves,  of  course,  a  lower  speed,  and  is  accomplished  by  reg- 
ulating the  gas  and  air  supply.  But  if,  according  to  the  figures 
quoted  above,  a  12  H.  P.  engine  at  full  power  consumes  ij  cubic 
feet  of  gas  per  horse-power  per  hour,  which  is  180  cubic  feet  per 
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hour,  it  will  at  lo  horse-power  consume  155  cubic  feet,  or  86  per 
cent. ;  at  8  horse-power,  132  cubic  feet,  or  75  per  cent. ;  at  6  horse- 
power, 108  cubic  feet,  or  60  per  cent. ;  at  4  horse-power,  84  cubic 
feet,  or  46  per  cent.,  and  at  2  horse-power,  60  cubic  feet,  or  33  per 
cent.  The  waste  in  fuel  gas  under  low  speed  and  low  power  con- 
ditions may  thus  be  readily  understood — one-sixth  of  the  stated 
horse-power  from  one-third  of  the  full  gas  supply.  It  may  thus 
be  understood  why  that  the  speed  of  the  engine,  usually  ex- 
pressed as  "revolutions  per  minute"  of  the  fly-wheel,  is  an  im- 
portant item  in  all  formulae  for  calculating  the  horse-power.  The 
gas  engines  built  for  automobile  use  are  invariably  of  high  speed- 
capacity,  and  also  represent  the  highest  point  of  economy. 

Because  of  the  fact  that  a  reduction  of  the  charge  involves  a 
nearly  corresponding  loss  of  power  output  in  a  gas  engine,  it  is 
usually  believed  that  the  speed  of  the  carriage  can  be  varied 
only  by  the  change-speed  gear.  On  this  point,  however,  Mr.  C. 
E.  Duryea  says : 

"In  order  to  vary  the  speed  of  a  carriage  on  a  given  road,  it 
is  necessary  to  vary  the  fuel  supply,  because  if  the  lower  gear  is 
used,  the  engine,  having  less  work,  will  race  and  the  governor 
must  then  act,  which  is  a  method  of  varying  the  fuel  supply. 
The  speed-changing  gear  is  provided  in  connection  with  gaso- 
line engines,  because  such  engines  are  not  provided  with  vari- 
able cut-oflfs  and  are,  therefore,  not  considered  economical  with 
various  sized  charges.  On  this  account  a  motor  of  average 
size  is  used,  and  its  deficiencies  made  up  for  by  change  of  gear- 
ing. The  Duryea  practice  is  to  provide  a  large  motor,  just  as  is 
done  with  a  steam  engine,  and  to  throttle  it  over  a  wide  range 
regardless  of  the  loss  of  economy.  As  a  matter  of  fact,  this  loss 
is  more  seeming  than  real,  for,  with  the  speed-changing  mechan- 
ism, a  constant  mechanical  loss  is  present  which  balances  largely, 
if  it  does  not  exceed,  the  efficient  loss  of  the  motor  by  throttling. 
We  are,  therefore,  able  on  good  roads  to  drive  our  carriages  at 
from  three  to  thirty  miles  per  hour  by  varying  the  speed  of  the 
motor  by  a  throttle,  and  we  use  the  gearing  only  for  hills  that 
are  beyond  the  capacity  of  our  motor  as  ordinarily  geared." 

Heat  Economy:  Spherical  Clearance. — A  number  of  gas 
engines  achieve  an  economy  in  the  use  of  heat  and  power  units 
by  having  the  piston  and  the  combustion  chamber  of  concave 
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profile,  so  as  to  form  a  spherical,  spheroidal  or  elliptical  clearance 
at  the  end  of  the  in-stroke.  That  is  to  say,  the  rear  end  of  the 
cylinder  is  dome-shaped  and  unjacketed,  and  the  opposing  end  of 
the  trunk  piston  is  correspondingly  hollowed  or  concaved.  The 
spheroidal  clearance,  formed  when  they  are  in  contact  or  prox- 
imity, is,  of  course,  deformed  as  the  piston  makes  its  out-stroke, 
but  the  end  of  economizing  a  considerable  percentage  of  heat 
units  is  conserved  by  thus  providing  a  large  uncooled  surface  at 
either  end  of  the  combustion  chamber  during  the  entire  cycle. 
Indeed,  while  this  arrangement  permits  of  a  clearance,  at  the  end 
of  the  in-stroke,  of  the  smallest  possible  area  on  the  cylinder 
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nr  JocliM,  val>^r.  thin  Hystem  DTOTldes  for  coolinR  the  cylinder  by  iDjecllon  of  a  small 
junllty  of  water.  Btomiied  by  suction  of  thepiaton.    This  wi •' '  "-- 


>wer  tube  to  the  left  of  thecylloiler  head.  passliiR  Ihrougli  the  ihree-i 
and  the  ba]!  valve,  a  The  lift  of  the  ball  valve  Is  detennlned  bv  tl 
screw,  C.  When  water  Is  not  required,  the  three-way  cock  la  turned  so 
It  tii  the  tank  throuich  the  upper  le[t>hand  tube.  The  theory  Is  that  supe 
will  be  absorbed  In  vaporlztns  the  Injected  water. 
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walls,  it  provides  a  total  increase  in  clearance  volume  on  a  stated 
wall  surface  between  20  and  40  per  cent,  in  engines  of  ordinary 
design.  Hiscox  estimates  that,  while  the  wall  surface  of  a  cylin- 
drical clearance  space  of  one-half  its  unit  diameter  in  length  con- 
tains 3.1416  square  units  and  0.3927  cubic  unit,  the  same  surface 
in  square  unit  measure,  with  a  spherical  combustion  chamber 
has  a  volume  of  0.5236  cubic  unit,  representing  a  gain  in  volume 
of  33  1-3  per  cent.  (5236—3927=1309x3=3927).  Such  superior 
volume,  on  equal  wall  surface,  being  fully  available  at  the 
moment  of  explosion,  when  the  greatest  possible  degree  of  heat 
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and  pressure  is  desirable  to  promote  expansion,  must  vastly  in- 
crease the  effective  power  of  the  engine.  Furthermore,  although 
this  arrangement  is  perfectly  satisfactory  in  checking  the  absorp- 
tion of  heat  units  until  the  full  force  of  the  explosion  has  been 
realized,  it  is  ineffective  for  producing  a  hot  surface,  firing  tem- 
perature, such  as  is  seen  in  the  Hornsby-Akroyd  engines,  from 
the  fact  that  the  concave  surfaces  of  cylinder  end  and  piston  head 
are  open  to  a  large  heat-absorbing  space,  and  hence  quickly  fall 
in  temperature. 

Heat  Economy :  Temperature  o#  Water. — Another  consider- 
eration  of  importance  in  calculating  for  heat  economy  in  a  gas 
engine  is  that  the  temperature  of  the  jacket  water  should  be 
maintained  at  a  point  favorable  to  moderate  absorption  of  heat 


.—DptalU  at  Two  DmcrlptlonB  of  Water  Cooling  RAdiatms.    In  tbe  flrat,  the  pipe 


units.  It  is  an  error  of  somewhat  common  occurrence  to  sup- 
pose that  the  conditions  of  cycular  operation  demand  that  this 
temperature  be  as  low  as  possible ;  the  popular  notion  being  that 
the  cylinder  requires  some  kind  of  freezing  process  in  order  to  be 
properly  "cooled."  As  we  have  already  stated  the  real  object  of 
the  cylinder  cooling  system,  it  is  necessary  only  to  add  that  the 
requirement  is  that  the  temperature  should  be  kept  somewhat 
below  a  definite  high  point,  and  that,  as  can  be  readily  under- 
stood at  this  stage,  the  efficiency  of  the  engine  is  decreased  very 
nearly  in  proportion  to  the  thermometric  fall  below  that  point. 
Thus  if  we  play  a  jet  of  water  from  an  ordinary  garden  hose  upon 
a  gas  engine  in  operation,  we  will  very  quickly  discover  that  its 
motion  is  effectually  checked ;  whereas,  if  we  supply  the  jacket 
system  with  water  of  slightly  below  loo".  Centigrade,  we  will 
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discover  that  the  efficient  power  is  increased  in  ratio  with  the 
rise  in  temperature.  Thus,  as  is  being  advocated  by  some  of  the 
foremost  authorities  on  the  subject,  the  best  practice  is  to  supply 
water  to  the  Jacket  at  a  temperature  of  a  few  degrees  below  the 
boiling  point,  permitting  it  to  be  returned  to  the  reservoir  at  a 
temperature  slightly  above.  Some  hold  that  even  higher  tem- 
peratures are  practicable. 

A  well-known  manufacturer  of  gasoline  carriage  motors 
writes  as  follows :  "A  motor  is  hotter  when  the  water  is  boiling 
rapidly  than  when  it  is  boiling  slowly,  and  the  fact  that  more 
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heat  units  are  being  absorbed  by  the  water  proves  that  the  en- 
gine is  doing  harder  work  and  not  that  it  is  cooler  than  before. 
The  writer  favors  boiling  water  as  the  proper  temperature  and 
a  gravity  circulation  as  the  proper  circulating  method,  because 
this  method  most  nearly  insures  a  fixed  temperature  for  the 
motor  to  work  under.  If  kept  below  the  boiling  point  the  tem- 
perature of  the  motor  will  vary  as  the  work  varies.  If  air-cooled 
it  will  vary  with  the  wind  or  the  speed  of  the  vehicle.  If  circu- 
lated by  pump  the  temperature  will  vary  as  the  speed  of  the 
pump  varies,  but  with  the  boiling  water  system  it  remains  rea- 
sonably constant  and  permits  the  finest  adjustment  of  the  mix- 
ture and  the  best  results  from  the  sparking."  Other  authorities 
seem  to  disagree  with  his  position. 

Heat  Economy  :  Rate  of  Water  Circulation  — In  the  excel- 
lent and  suggestive  treatise  on  "Gas  and  Oil  Engines,"  given  in 
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"Power  Quarterly,"  for  October,  1900,  occurs  the  following  sig- 
nificant passage: 

"The  more  rapidly  the  water  passes  through  the  jacket,  the 
lower  will  be  the  temperature  of  the  issuing  jacket  water,  but  the 
heat  units  will  be  greater,  within  the  usual  limits  of  practice.  For 
example,  suppose  the  jacket  water  passes  through  at  the  rate  of 
16  pounds  a  minute  and  rises  from  60°  F.  to  140°  F.  in  passing 
through.  To  raise  16  pounds  of  water  80  degrees  requires  1,280 
B.  T,  U.  (British  thermal  units),  and  as  the  difference  between  the 
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average  temperature  within  the  cylinder  (usually  about  1,000° 
F.)  and  that  of  the  jacket  water  (in  this  case  100°)  is  900  degrees, 
there  are  1422  heat  units  per  minute  transmitted  through  the 
walls  of  the  cylinder  per  degree  of  difference  between  inner  and 
outer  average  temperatures. 

"Now  reduce  the  rate  of  flow  of  the  jacket  water  to  9.57 
pounds,  and,  assuming  that  the  average  temperature  in  the  cylin- 
der remains  constant,  the  water  will  issue  at  a  temperature  of  190" 
F.  This  means  a  rise  of  130  degrees,  and  to  heat  9.57  pounds  of 
water  per  minute  130  degrees,  will  require  9.57x130=1,244 
heat  units  per  minute,  which  is  36  less  than  before.  A  saving  of 
36  heat  units  per  minute  means 
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"As  a  matter  of  fact  the  flow  of  water  would  need  to  be  less 
than  9J  pounds  a  minute  in  order  to  raise  the  temperature  to  190* 
F.,  because  as  the  jacket  water  increases  in  temperature,  the 
average  temperature  in  the  cylinder  increases,  making  the  differ- 
ence between  the  two  less  than  if  the  internal  temperature 
remained  constant.  This  decreases  the  transmission  of  heat 
units  to  the  water.  The  effect  of  varying  the  flow  of  jacket  water 
cannot  be  computed  accurately,  because  the  internal  temperature 
cannot  be  computed,  and  the  exact  heat  conductivity  of  the  cylin- 
der walls  is  unknown.  But,  as  the  foregoing  rough  example 
clearly  shows,  the  temperature  of  the  issuing  jacket  water  should 
be  kept  as  high  as  practicable  by  adjusting  the  rate  of  flow. 

"The  limit  to  the  allowable  increase  in  jacket  water  tem- 
perature is  set  by  the  cylinder  oil.  The  cylinder  walls  must  not 
be  allowed  to  become  so  hot  as  to  decompose  the  oil,  for  the  very 
obvious  reason  that  decomposed  oil  does  not  lubricate.  When 
the  construction  of  an  engine  is  such  that  the  piston  cannot  be 
inspected  there  is  no  reliable  way  of  determining  the  conditions 
of  lubrication  at  high  temperatures  without  endangering  the 
cylinder  wall  and  piston  surface.  But,  as  a  rule,  the  jacket  water 
can  be  run  up  to  200"*  F.  without  risk  of  decomposing  the  cylin- 
der oil,  if  a  first-class  oil  is  used." 

Such  principles  as  have  been  mentioned  thus  far  are  competent 
in  evidence  for  the  statement  that  the  operative  conditions  of  the 
gas  engine  strike  a  balance  between  very  definite  extremes  in  sev- 
eral particulars,  which,  if  not  carefully  noted,  quickly  reduce  both 
the  motion  and  the  effective  power-output.  We  have  scarcely 
stated  that  the  cylinder  must  be  regularly  cooled,  when  we  are 
obliged  to  modify  the  assertion  by  saying  that  it  must  not  be  too 
cool,  nor  yet  too  hot,  lest  the  very  difficulties  we  aim  to  avoid  occur 
with  even  greater  danger.  The  same  dilemma  is  met  in  the  at- 
tempt to  provide  against  the  over-absorption  of  heat  units  by 
regulating  the  circulation  rate  of  the  jacket  water:  If  the  rules 
for  ensuring  economy  are  carried  too  far  the  good  effects  of  the 
cooling  are  neutralized.  Water  in  a  paper  bag  may  be  boiled  over 
a  gas  flame,  because  it  absorbs  heat  faster  than  does  the  paper. 
In  the  same  way,  by  the  use  of  a  water  cooling  system,  a  tem- 
perature very  near  to  the  melting  point  of  steel  (2560**  F.,  3021** 
absolute)  may  be  reached  at  the  explosion  moment  of  the  fuel 
gas  in  the  cylinder,  without  destroying  the  engine  or  degom-* 
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posing  the  lubricating  oil,  which  carbonizes  usually  at  a  tem- 
perature of  about  i,ooo°,  Fahrenheit,  more  or  less. 

The  Limitations  of  Air  Cooling — From  what  has  already 
been  said  it  may  be  possible  to  understand  why  that  air-cooled 
cylinders  are  so  seldom  used  on  motor  vehicles,  particularly  such 
as  are  of  high  power  requirements.  The  small  one  and  two  in- 
dicated horse-power  engines  made  for  motor  cycles  operate  very 
well  with  this  system  under  ordinary  conditions,  particularly 
when  the  atmospheric  temperature  is  low,  or  when  a  draught  is 


Fra.  nr.— Tbs  "Kdox"  Pin-Cooled  Cyl)nd< 


created  by  traveling  against  the  wind.  When,  however,  the 
weather  is  unusually  warm  the  air-cooled  cylinder  is  liable  to 
become  so  hot  that  the  motor  operation  falls  below  the  required 
point  of  both  speed  and  power;  owing  principally  to  added  fric- 
tion, to  rarefaction  of  the  charge,  or  to  premature  ignition.  Any 
one  of  these  conditions  can  bring  the  engine  to  a  full  stop  sooner 
or  later. 

Flange -Cooled  Cylinders. — As  may  be  readily  understood, 
the  object  attained  by  providing  the  outside  of  the  cylinder  with 
peripheral  or  longitudinal  flanges  is  a  total  area  of  cooling  sur- 
face many    times   greater  than  that  of   the  wall  itself.     By  this 
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means,  of  course,  the  rate  of  heat  absorption  is  gjeatly  increased, 
on  precisely  tlie  same  principie  as  that  by  which  the  heating  sur- 
face of  steam  boilers  is  enlarged  by  the  use  of  "fingers,"  Field 
tubes,  water  tubes,  multiple  fiues,  and  other  similar  devices  for 
increasing  the  total  surface  exposed  to  the  fire.  Indeed,  in  some 
automobile  carriages  using  water-cooled  cylinders,  the  water 
tank  is  pierced  by  horizontal  or  inclined  tubes,  which,  admitting 
the  air  under  draught  of  travel,  serve  to  absorb  superfluous  heat 
in  the  water  on  precisely  the  same  theory  as  that  by  which  the 
water  is  heated  in  a  flue  boiler.    From  the  causes  just  mentioned, 


Fio.  !S8.— The  "Kainz"  Motor,  sfaowinc  rotur  cooling  loo  about  tha  eyllader.    The  fan 
cylinder,  D,  Is  rotaUil  by  a.  cord.  B,  turned  by  the  pulley.  A.  on  the  crank  shaft  and 

paaaini;  over  pulleys,  C,  C, 

however,  the  usual  flange-cooling  system  has  grave  limitations — 
tfie  cooling  surface  thus  afTorded  is  insufhcient  for  the  require- 
ments, particularly  in  hot  weather.  One  noteworthy  improve- 
ment in  this  particular  is  the  Knox  radiating  cylinder  cooler, 
which  has,  instead  of  the  usual  rits  or  flanges,  a  large  number  of 
brass  pins,  threaded  and  screwed  into  suitable  holes  in  the  cyhn- 
der  walls.  According  to  claims,  this  device  increases  the  total 
cooling  surface  by  very  nearly  too  per  cent.,  and  is  exceedingly 
ef^ctent  in  utilizing  the  heat-absorbing  properties  of  air  under 
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drau^t.  Since,  however,  the  specific  heat  of  air  is  so  much 
lower  than  that  of  water — water  is  1.00,  air  is  0.1685  at  constant 
volume — any  device  for  increasing  the  cooling  surface  of  an  air- 
cooled  cylinder  is,  at  best,  much  less  effective  than  a  water-cool- 
ing system. 

Pan-Cooled  Cylinders. — Some  motors  for  cycles,  notably  the 
early  Daimlers  and  the  Simms,  have  been  supplied  with  rotary 
fans,  which  produce  a  mechanical  draught,  being  propelled  by 
the  engine.  Such  a  device  has  been  found  moderately  serviceable 
for  engines  of  small  power,  but  the  added  weight  and  mechanical 
complication  involved  preclude  its  use  on  engines  above  i  or  2 
H.  P,   Above  that  power,  at  any  rate,  it  rapidly  becomes  evident 


Pra.  SW.— DpUil  Oyllniler  Head  of  tbe  BImms  Crcle  Motor,  showing  fui  wheel,  cooline 
ribs,  and  peculiar  uTui^ment  for  opening  Iheeibuisl.  Simllarfan  wheels  are  used 
on  teTeraJ  type*  of  light  vehicle  motor. 

that  a  well-arranged  system  of  water-circulation  is  much  more 
effective  and  economical ;  may  be  depended  on  under  all  ordinary 
circumstances,  and  is  altogether  simpler  and  more  manageable. 

Superiority  of  Water-Coolins  System Very  largely  on  ac- 
count of  the  considerations  just  enumerated,  practically  all  gas- 
oline motor  carriages  are  supplied  with  the  water-cooling  system, 
although  it  involves  added  weight  and  a  greater  quantity  of  ap- 
pliances. With  the  gas  engines  used  for  stationary  power  pur- 
poses, the  jacket  water  may  be  drawn  from  and  returned  to  a 
special  tank  or  reservoir,  thus  ensuring  sufficient  circulation  to 
regulate  the  temperature  of  the  water  fed  to  the  jacket,  but  with 
many  vehicle  motors  is  used  a  supplementary  radiating  cooler, 
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through  which  the  ejected  water  passes  on  its  way  back  to  the 
tank.  The  most  approved  form  of  such  a  cooler,  as  used  at 
present,  consists  in  a  coil  or  train  of  copper  tubes,  on  which  are 
sprung  rows  of  fins,  or  flanges,  of  tin  or  aluminum.  Another 
form  has  the  same  train  of  tubes  spirally  corrugated  and  wrapped 
about  with  lengths  of  wire  rolled  into  very  nearly  the  shape  of  a 
spiral  spring.  The  fins,  or  flanges,  just  mentioned  consist  of  a 
number  of  metal  discs,  in  the  center  of  each  of  which  an  X-shaped 
cut  is  made.  The  points  thus  formed,  being  bent  back,  leave  an 
orifice  for  introducing  the  tube,  and  when  the  discs  are  in  place 
serve  to  keep  them  at  proper  distance.  The  fins  aflford  a  large 
heat-radiating  surface  for  the  water  tubes,  which  is  further  in- 
creased by  so  lengthening  and  coiling  the  pipes  as  to  expose  the 
greatest  possible  surface  to  the  air,  under  draught. 

The  circulating  pump  is  most  commonly  used  in  the  belief  that 
it  affords  a  ready  means  for  regulating  the  rate  and  temperature 
of  the  jacket  water  supply,  which  could  not  always  be  the  case 
with  a  mere  gravity  system.  Such,  however,  is  not  precisely  the 
case;  since  such  pumps,  being  generally  driven  direct  from  the 
motor,  operate  at  a  speed  varying  with  the  motor  speed.  Thus, 
on  starting  the  motor,  it  begins  pumping  cold  water  into  the 
jacket,  although  no  occasion  exists.  It  pumps  slowly  at  slow 
speeds,  although  the  motor  may  be  taking  large  charges  and 
and  heating  itself  rapidly,  as  when  ascending  steep  hills.  It  also 
pumps  rapidly  at  high  speeds,  although  the  wind  pressure  and 
cooling  eflFect  may  be  very  great,  as  on  smooth  roads.  Could 
such  circulation  pumps  be  always  used  in  connection  with  a 
thermostat,  in  order  to  operate  to  the  even  regulation  of  the 
motor  temperature,  the  results  would  be  much  more  favorable. 

In  order  to  prevent  freezing  the  jacket  water,  when  the  engine 
is  not  in  operation  in  cold  weather,  solutions  are  used,  notably 
of  glycerine  and  of  calcium  chloride  (Ca  CI*).  The  proportions 
for  the  former  solution  are  equal  parts  of  water  and  glycerine, 
by  weight ;  for  the  latter,  approximately,  one-half  gallon  of  water 
to  eight  pounds  Ca  CI*,  or  a  saturated  solution  at  60*,  Fahren- 
heit. This  solution  (Ca  CI"  +  6  H*  O)  is  then  mixed  with  equal 
parts  of  water,  gallon  for  gallon.  Many  persons  complain  that 
Ca  Cr  corrodes  the  metal  parts,  but  this  warning  need  do  no 
more  than  urge  the  atitomobilist  to  use  only  the  chemically  pure 
§ajt,  carefully  avoiding  the  "dilpride  of  lime''  (Ca  O  CI"). 


CHAPTER  TWENTY-SIX. 

ON   FUEL  MIXTURES  AND  THE  CONDITIONS  RESULTING  FROM 

COMBUSTION   OF  THE  CHARGE. 

Causes  of  Imperfect  Combustion. — In  addition  to  the  gen- 
eral conditions  of  gas  engine  efficiency  thus  far  g^ven,  it  is' im- 
portant to  consider  the  cause  and  consequences  of  imperfect 
combustion,  which,  as  may  be  readily  understood,  is  a  fertile 
source  of  irregular  action  and  loss  of  power.  In  the  first  place, 
it  is  important  to  consider  the  matter  of  proper  proportions  of 
air  and  gas  in  the  fuel  mixture,  since  too  much  or  too  little  of 
either  element  results  in  weak  explosion.  Practically,  this  is  a 
question  of  proper  carburization,  and  may  be  determined  by  ex- 
perience quite  as  efficiently  as  by  calculations.  In  the  second 
place,  sufficient  compression  of  the  fuel  gas  should  be  provided 
for,  in  order  that,  despite  the  presence  of  the  exhausted  products 
of  previous  combustion,  there  may  be  an  adequate  mixture  of 
the  charge,  giving  a  fair  degree  of  uniformity  throughout.  The 
result  of  an  uniform  mixture  is  to  provide  one  condition  of  rapid 
firing,  since  the  gradual  and  partial  combustion,  so  frequently 
a  source  of  annoyance  and  lost  efficiency  in  gas  engines,  comes 
directly  from  imperfect  mixture  under  compression.  This 
brings  us  to  the  third  point — what  method  of  firing  is  the  most 
efficient  in  securing  the  quickest  possible  combustion?  The 
first  point  involves  several  important  considerations,  which  we 
will  now  proceed  to  touch  briefly ;  the  second  is  largely  a  matter 
of  structural  proportions,  after  the  question  of  proper  mixture 
has  been  determined,  as  is  indicated  by  much  already  said;  the 
third  will  be  fully  discussed  under  the  head  of  firing  devices. 

The  Theory  of  Fuel  ilixtures. — The  object  of  mixing  at- 
mospheric air  with  the  fuel  gas  is  to  obtain  a  sufficient  amount  of 
oxygen  to  enable  combustion  to  take  place.  All  oils  and  spirits 
may  be  ignited  and  burned  at  the  proper  temperature,  diflfering 
for  each  particular  substance,  if  that  temperature  be  produced 
where  air  can  circulate  freely.  At  certain  definite  temperatures 
5uch  liquids  rive  off  inflammable  vapors,  and  at  a  somewhat 
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higher  point  may  be  ignited  and  burned  themselves.  The  first 
point  is  called  the  ^ash  point;  the  second,  the  fire  point.  However, 
when  shut  off  from  air  supply,  neither  the  vapor,  so  formed,  nor 
the  liquid  itself  may  be  ignited.  This  is  the  reason  why  that  oil 
vapor  may  be  fed  into  the  superheated  combustion  chamber  of 
the  Hornsby-Akroyd  engine,  as  already  described,  and  fail  to 
explode  until,  by  the  completion  of  the  compression  stroke,  a 
sufficient  quantity  of  atmospheric  air  has  been  mixed  with  it. 

In  order  to  illustrate,  the  following  list  of  several  familiar  hy- 
drocarbons, together  with  their  flash  and  fire  points,  is  quoted 
from  a  well-known  authority : 

Flash  Point.     Fire  Point. 

Commercial  brandy   69  92 

whiskey   72  96 

gin    72  loi 

Kerosene  (average  quality) 73  104 

Petroleum  (high  test) 1 10-120  140-160 

Proportions  of  Fuel  flixtures. — In  the  free  air  the  only 
point  to  be  considered  is  the  required  temperature  for  flashing 
or  firing,  since  atmospheric  circulation  will  always  supply  the 
full  amount  of  oxygen  for  combustion.  In  a  gas  engine  cylin- 
der, closed  from  the  outer  air,  it  is  necessary  to  know  how  much 
air  must  be  admitted.  The  most  efficient  proportions  of  air  and 
gas,  mixed  to  give  a  perfect  combustion  in  a  closed  cylinder  may 
be  considered  a  matter  in  many  respects  relative  to  the  kind  of 
gas  employed — some  gases  require  more,  some  less,  for  the  best 
effects  from  combustion.  In  general,  however,  the  data  on  coal 
gas  may  be  taken  as  typical  for  most  fuels  available  in  ordinary 
gas-engine  service.  With  this  fuel  the  figures  for  efficiency 
range  between  6  to  i  and  11  to  i  for  air  and  gas,  respectively. 
That  is  to  say,  with  a  mixture  of  about  5  to  i  or  of  about  12  to  i, 
for  example,  the  effective  pressure  due  to  combustion — if  com- 
bustion is  possible  at  all — shows  a  marked  falling  off,  which  con- 
tinues thereafter  as  the  proportion  of  air  in  the  mixture  is  di- 
minished or  increased.  Between  the  efficient  extremes,  how- 
ever. It  has  been  found  that,  although  the  actual  indicated  ex- 
plosion pressure  decreases  in  ratio  with  the  increased  percentage 
of  air  m  the  mixture,  the  efficiency  steadily  increases  until  the 
point  of  II  to  I  IS  approximated.    This  fact  is  explained  by  as- 
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Pia.  dOO.^Oas  Engine  Indicator  Cards.  The  flrst  diagram  is  an  average  good  card,  show- 
ing,  however,  Home  slight  fluctuations  in  tlie  lines.  The  explosion  line  is  f^m  C  to 
A;  the  expansion,  from  A  to  B;  the  exhaust  at  B.  The  suction  strolce  generally 
approximates  the  atmospheric  line,  from  which  the  curve  of  compression  rises  to  C 

The  second  diagram  in  from  an  engine  running  under  half  load;  the  third  from  one  at  full 
load.  Both  exhibit  the  variations  in  the  expansion  curve,  usually  attributed  to  con- 
secutive explosions.  The  second  and  third  cards  are  composites  of  three  siiccewive 
strokes  each. 
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Suming  that,  in  increasing  the  proportion  of  air  in  the  mixture, 
the  temperature  per  unit  of  gas  is  raised,  although  the  tempera- 
ture per  unit  of  the  mixture  of  gas  and  air  is  lowered.  Since, 
therefore,  the  gas  itself  is  the  sole  agent  of  efficiency — the  con- 
dition necessary  to  explosion  being  all  that  is  furnished,  by  tl— 
admixture  of  air — the  increase  in  the  proportion  of  air  in  the 
charge,  up  to  the  specified  limit,  increases  the  total  efficiency, 
even  though  lowering  the  pressure  of  the  explosion. 

Some  Results  of  Imperfect  Compression. — On  account  of 
another  consideration,  the  proper  proportion  of  air  and  gas  for 
a  given  case  is  important,  and,  when  combined  with  an  ade- 
quately adjusted  c  impression,  is  a  factor  in  promoting  efficiency. 
This  refers  to  the  fact  that,  as  shown  by  numerous  indicator  dia- 
grams, the  firing  of  the  whole  mass  of  gas,  contained  in  cylin- 
der, is  not  always  an  instantaneous  process — some  diagrams 
showing  several  consecutive  explosions,  of  decreasing  eflfect  to  be 
sure,  which  tend  to  make  the  action  of  the  engine  fluctuating  and 
uncertain.  This  eflfect  has  been  ascribed  to  a  "defective  mix- 
ture," but  such  could  not  be  the  sole  cause  of  all  the  phenomena, 
since  alone,  it  would  rather  occasion  an  explosion  of  insufficient 
pressure,  if  any  explosion  at  all.  The  truth  is  that  the  mixture, 
in  such  cases,  is  defective  from  the  fact  that  it  does  not  contain 
sufllicient  oxygen  to  the  total  bulk  to  produce  perfect  ignition, 
in  view  of  the  presence  of  burned  out  gases  in  the  clearance.  As 
described  by  some  writers  on  the  subject,  these  residua  of  pre- 
vious combustions  develop  the  tendency  to  stratify  the  mixture, 
and,  unless  the  air  is  in  proper  preponderence  to  the  percentage 
of  pure  fuel  gas,  or,  unless  the  compression  ratio  is  adjusted  to 
produce  adequate  blending  of  the  inflammable  elements,  the  re- 
sult will  be  several  explosions,  as  the  successive  layers  of  gas, 
separated  by  unburnable  products,  become  ignited.  Among  other 
elements  that  combine  to  promote  the  conditions  just  specified 
are  certain  chemical  changes,  giving  rise  to  gases  of  high  fire 
temperatures,  or  causing  shrinkage  in  the  proportion  of  good 
fuel  mixture  in  the  cylinder.  Defective  or  inferior  firing  devices 
are  also  liable  to  produce  slow  and  irregular  combustion. 

As  many  of  the  conditions  of  gas  engine  operation  seem  to  be 
somewhat  uncertain,  in  the  minds  of  even  prominent  authorities, 
it  is  only  fair  that  we  quote  several  opinions  contrary  to  those  a!- 
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ready  stated.  A  well-known  designer  and  manufacturer  of 
vehicle  motors,  in  a  letter  to  the  author,  denies  the  theory  of 
"stratification"  of  the  charge  with  the  residua  of  previous  com- 
bustions, asserting  that  the  indicator  diagram  phenomena, 
usually  attributed  to  several  successive  explosions,  are  due 
rather  "to  irregularities  of  the  indicator  or  to  vibrations  of  the 
gas  in  the  indicator  piping,  and  not  to  variations  in  the  rate  of 
combustion."  He  also  deprecates  the  importance  given  by 
some  writers  to  the  efficiency  of  a  high  compression  in  produc- 
ing a  better  blending  of  the  fuel  mixture,  attributing  the  good 
results,  apparently  thus  obtained,  to  the  time  occupied  in  mak- 
ing the  compression,  which  also  serves  to  perfect  the  mixture, 
and  also  to  the  fact  that  compression  produces  heat,  thus  also 
promoting  readiness  of  ignition. 


1*10.  801.— The  Benz  Kxhauut  Mufller.  The  arrows  indicate  the  course  of  the  expandinff 
exhaust  products.  Entering  at  the  left,  they  pass  through  the  perforations  in  the 
tube;  thence  through  the  smaller  tube  in  the  lai^er  chamber;  again  through  the  per- 
forations in  the  right-hand  section  of  the  tube,  and  to  atmosphere.  The  breaking-up 
of  the  gas  in  expansion  silences  the  noise  of  its  exhaust  to  atmosphere. 

Defective   Combustion:    Advantas:es   of   Scavensiiisr. — In 

addition  to  the  irregularities  of  action,  just  enumerated,  the  pres- 
ence of  burned  out  gases  in  the  clearance  operates  effectually 
to  reduce  both  the  pressure  and  temperature  of  combustion  by 
several  per  cent.  This  fact  is  demonstrated  by  comparing  the 
figures  for  explosion  pressures  and  temperatures  of  scavenging 
and  non-scavenging  gas  engines  of  the  same  proportions.  For 
although,  as  we  have  already  seen,  the  figures  for  compression 
pressure  and  temperature  are  higher  for  non-scavenging,  or  or- 
dinary, gas  engines  than  for  the  other  variety,  due,  as  has  been 
asserted,  to  the  recompression  of  burned  products  in  the  one  en- 
gine, or  else  to  the  use  of  cooling  air  currents  to  expel  these  in 
the  other,  the  case  is  directly  reversed  at  the  moment  of  ex- 
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plosion.  From  this  fact,  as  may  be  readily  understood,  a  scav- 
enging engine  should  be  the  more  effective,  as  securing  the  bet- 
ter ignition  of  the  charge  and  as  permitting  the  loss  of  less  heat 
in  proportion  to  the  total  of  units  generated.  The  principle  has 
been  adopted  successfully  with  several  well-known  types  of  sta- 
tionary gas  engine,  although,  so  far  as  the  writer  can  ascertain, 
few,  if  any,  attempts  have  been  made  to  adapt  it  to  use  in  motor 
vehicles. 

Its  inefficiency  in  this  connection  would  arise  from  several 
conditions,  prominent  among  which  would  be  the  added  compli- 
cation necessary  to  the  end  of  eliminating  the  burned  gases  under 
high  speed  conditions  and  the  uncertainty  involved,  with  the 
constantly  recurring  danger  of  thus  lowering,  rather  than  raising, 
the  value  of  the  charge  by  irregular  variation  of  the  mixture. 
Also  the  rate  of  jacket  water  consumption  would  always  be 
greater  owing  to  higher  temperatures.  The  force  of  these  re- 
marks may  be  understood  when  we  consider  that  the  most  usual 
and  practical  method  of  scavenging  a  gas  engine  cylinder  is  to 
drive  out  the  burned  residua  by  admitting  a  current  of  fresh  air 
into  the  clearance.  The  method  of  extending  the  sweep  of  the 
piston  clear  to  the  rear  end  of  the  combustion  chamber,  so  as  to 
expel  the  contents  mechanically,  was  used  with  success  on  the 
Atkinson  variable  stroke  gas  engine,  now  no  longer  manufac- 
tured, also  on  the  Diesel  engine,  but  it  is  the  least  economical 
procedure,  owing  principally  to  the  necessity  of  using  a  plane 
surface  cylinder  head  instead  of  one  of  segmental  profile,  and 
some  such  complicated  mechanical  devices,  as  were  used  in  the 
Atkinson  cycle.  The  fresh  air  method  requires  only  that  the 
crank  case  be  used  as  a  pump  chamber  for  the  air. 

Data  on  5cavensin||r  Cylinder — In  order  to  show  how 
that  the  burned  out  gases  in  the  clearance  operate  to  lower  the 
explosion  efficiency,  we  can  do  no  better  than  quote  again  from 
the  "Power  Quarterly"  treatise  already  mentioned.  Here  the 
following  occurs :  "The  difference  due  to  the  presence  of  burned 
gases  is  considerable.  A  mixture  of  9  to  i,  with  no  burned  gases 
present,  gives  a  rise  of  about  2,373  degrees ;  the  same  mixture, 
compressed  with  the  burned  gases  of  a  previous  explosion  in  a 
clearance  of  41  2-3  per  cent,  of  the  cylinder  volume  gives  a  rise 
of  only  about  1,843  degrees. 
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"The  resulting  temperatures  of  explosion  in  the  Iwo  cases  do 
not  differ  so  greatly  as  the  rise  in  temperature,  because  the 
scavenging  engine  starts  from  a  lower  initial  temperature  and 
the  rise  during  compression  is  not  so  great.  For  example,  as- 
sume an  engine  with  34  compression  ratio,  running  scavenging 
with  an  initial  pressure  of  13.2  pounds  and  an  initial  temperature 
of  580°;  and  suppose  a  similar  engine  running  plain,  with  13.2 
pounds  initial  pressure  and  600°  initial  temperature.  The  results 
are  compared  below  on  the  basis  of  a  9  to  i  mixture : 

Ordinary.     Scavenging. 

Initial  temperature   600  580 

Compression  temperature   921  858 

Rise  in  temperature  by  explosion 1.843  2,373 

Temperature  of  explosion 2,764  3^31 


Fia.  KM.— eviction  and  End  View  ot  an  BfDcCent  American  Hufller.  Tbe  muffler  conalcta 
that  the  expanding  eibauM  kbs  Tollows  [lie  courae  inrlicaleil  by  thx  amiiia:  tb'eir 
due  U>  its  pressure. 

"In  this  comparison  the  difference  in  the  rise  of  temperature 
is  nearly  29  per  cent.,  while  the  difference  between  the  explosion 
temperatures  of  the  two  engines  is  only  scant  17  per  cent.  A 
better  comparison  may  be  had  by  considering  the  pressures ; 
these  figure  out  as  follows: 

Ordinary.     Scavenging. 

Initial  pressure    13.2  13,2 

Compression  pressure   68.86  66.4 

Explosion  pressure 206.65  250.0 

"Thus,  the  scavenging  engine  shows  a  maximum  temperature 
about  17  per  cent,  higher  than  the  other  engine,  while  its  maxi- 
mum pressure  is  a  trifle  over  21  per  cent,  greater 

While  excessive  explosion  pressures  are  not  desirable,  it  is  clearly 
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advantageous,  within  practical  limits,  to  increase  the  difference 
between  the  maximum  forward  pressure  and  that  of  compression, 
because  it  increases  the  area  of  the  indicator  diagram.'  And  as 
this  result  is  obtained  by  scavenging,  without  consuming  any 
more  gas,  the  superiority  of  a  scavenging  engine  is  obvious." 

Exhaust  Losses  in  Heat  and  Power. — Having  followed 
the  operation  of  a  gas  engine  through  its  entire  cycle,  discussing 
the  several  conditions  of  efficiency  and  the  causes  of  lost  power, 
it  is  proper  to  touch  briefly  on  another  notable  cause  of  waste, 
which  is  frequently  mentioned  in  gas  engine  treatises.  This  re- 
fers to  the  expulsion  of  a  considerable  proportion  of  heat  and 
power  units  through  the  exhaust.  According  to  average  experi- 
ence, there  seems  to  be  no  practical  method  of  utilizing  any  of 
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Fio.  808.~Tfae  "  Loomis  "  MuflBer.  The  exhaust  enters  the  central  tube  at  the  rifrht-hand 
end,  passing  out  through  slits  shown  in  its  side  to  the  main  chamber,  where  it  is 
passed  through  a  numMr  of  lengths  of  tubing.  Leaving  these  it  emerges  to  atmos- 
[>here  through  another  set  of  tube  lengths. 

the  elements  thus  thrown  to  waste,  unless  we  resort  to  contriv- 
ances for  "compounding"  the  cylinders,  somewhat  after  the  plan 
of  the  double  and  triple  expansion  steam  engines.  The  principal 
reason  why  this  loss  may  not  be  avoided  is  that,  as  the  gas,  after 
explosion  may  not  be  expanded  so  as  to  stand  at  atmospheric 
pressure  on  the  completion  of  the  power  stroke — ^the  expansion 
line  then  standing  generally  about  or  above  the  figure  indicated 
for  compression  pressure — it  is  necessary  to  open  the  exhaust  be- 
fore-the  completion  of  the  stroke.  This  opening  point  is  generally 
about  J  stroke.  Were  the  engine  otherwise  geared,  and  the  pis- 
ton allowed  to  receive  the  pressure  of  the  expanding  gas  through 
its  full  stroke,  the  gas  retained  until  that  time  would  not  exhaust 
fast  enough  to  avoid  buffing  the  piston  on  its  return  sweep, 
since  through  an  appreciable  distance  the  continued  expansion 
would  balance  the  rate  of  escape  through  the  exhaust  valve. 
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The  effect  of  this  would  be  to  check  the  speed  and  power  o(  the 
engine,  with  the  result  of  absorbing  about  as  much  power  as 
would  on  the  other  plan  be  turned  to  waste. 

The  Variation  of  the  Curve  of  Expaiulon. — The  reason 
given  for  the  variation  from  the  compression  line  of  the  curve  of 
expansion  following  explosion  is  that  the  combustion  is  not  only 
not  instantaneous,  but  continues  during  the  greater  portion  of 
the  stroke,  thus  constantly  keeping  up  the  temperature  and  press- 
ure, which  would,  otherwise,  tend  to  fail  regularly  from  maxi- 
mum to  atmosphere.    Thus  the  expansion  line  does  not  meet 


Fio.  lM.~6«tlon  of  the  Atkliuon  Cycle  Ou  Bnfrlne,  sfaoirlng  the  TSfylag  lengthi  of  the 
■tTokee— trOTD  the  top,  eibuwt.  expansioD,  comprsHioD,  ■uctk>n:  also,  the  Bgure-oT-S 
pub  deKrthed  by  the  toggle-joUi(«d  crank  conoectkiiu,  and  the  pUh  ot  the  cnok. 

the  compression  line  at  the  end  point  of  the  stroke,  as  should  be 
the  case  under  theoretically  perfect  conditions,  with  the  result 
that  the  exhaust  valve  must  be  opened  before  the  completion  of 
the  stroke,  as  above  stated.  An  interesting  approximation  of  this 
standard  is  found  in  the  Atkinson  cycle  scavenging  engine,  which, 
on  acconnt  of  certain  mechanical  peculiarities  of  construction,  is 
able  to  expand  the  charge  from  185  pounds  at  explosion  to  10 
pounds,  gauge,  at  the  completion  of  the  power  stroke.  In  this 
machine  the  piston  rod  is  connected  to  a  double  toggle  joint,  as 
indicated  in  the  accompanying  diagram,  with  the  result  that  the 
piston  makes  its  four  strokes  in  a  single  revolution  of  the  fly- 
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wheel,  giving  a  suction  stroke  through  about  one-half  the  sweep 
length,  a  return  compression  stroke  to  a  point  about  5-6  the 
sweep,  an  impulse  stroke  from  that  point  clear  forward,  and  an 
exhausting  stroke  from  end  to  end  of  the  cylinder.  As  claimed 
in  a  published  description,  the  working  effects  are  that:  "The 
clearance  space  beyond  the  terminal  exhaust  position  of  the  pis- 
ton is  so  small  that,  practically,  the  products  of  combustion  are 
entirely  swept  out  of  the  cylinder  during  the  exhaust  stroke,  so 
that  each  incoming  charge  has  the  full  explosive  strength  due 
to  the  mixture  used. 

"It  is  also  possible  to  expand  the  exploded  charge  to  such  a 
volume  that  the  terminal  pressure  will  be  reduced  to  the  lowest 
possible  point,  and  that,  owing  to  the  purity  of  the  charge,  the 
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Flo.  806.— Indicator  Card  for  the  Atkinson  Variable  Stroke  Four-Part  "Two-Cycle"  Qaa 

Enprinc. 

greatest  possible  pressure  will  be  attained  at  the  commencement 
of  the  expansion." 

The  accompanying  indicator  card  of  an  Atkinson  engine,  of 
18  I.  H.  P.,  working  at  130  revolutions  per  minute,  with  a  mean 
pressure  of  49  pounds,  shows  the  excellent  results  achieved  by 
thus  varying  the  length  of  the  several  strokes.  But  such  a 
procedure  is  impossible  in  the  ordinary  four-cycle  engine,  which 
finds  the  only  available  method  of  securing  approximately  com- 
plete combustion  in  varying  the  proportions  of  the  fuel  mixture, 
and  by  scavenging  the  cylinder. 

The  Ratio  of  Exfiansiofi. — As  may  be  readily  understood, 
the  practice  of  opening  the  exhaust  valve  at  about  \  power  stroke 
gives  one  reason  why  that  the  expansion  ratio  differs  so  greatly 
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from  the  compression  ratio,  with  which,  theoretically,  it  should 
be  identical.  On  the  Atkinson  cycle  this  correspondence  is 
practically  realized,  but  with  engines  constructed  on  the  Otto 
cycle  it  represents  the  quotient  found  by  dividing  the  sum  of  the 
total  cylinder  content  (clearance  plus  piston  sweep)  and  that  por- 
tion of  the  stroke  and  clearance  content,  left  behind  the  piston 
at  the  moment  the  exhaust  opens,  by  the  cubic  content  of  the 
clearance.    This  may  be  expressed  by  the  following  formula: 


Er  = 


C  +  -^  ^  Volume  of  Expansion 
B       ~  Volume  of  Clearance 


in  which  Er  is  the  ratio  of  expansion. 

C    "  the  total  cylinder  content. 

B    "  the  combustion  chamber  or  clearance  content. 

n  "  the  numerator  expressing  the  portion  of  the  cyl- 
inder content  left  behind  the  piston  at  the  opening  of  the  ex- 
haust. 

Data  on  Losses  by  the  Exhaust. — In  the  process  of  ex- 
hausting, the  burned  gases  issue  from  the  cylinder;  first  place, 
largely  under  their  own  force  of  expansion,  which  continues 
down  to  atmospheric  pressure ;  secondly,  after  the  change  of 
stroke,  under  the  force  of  the  returning  piston.  The  pressures 
and  temperatures  thus  voided  are,  of  course,  in  proportion,  first 
place,  to  the  figures  realized  in  explosion,  and,  secondly,  to  the 
expansion  ratio  of  the  particular  cylinder  under  test.  Both  are 
found  to  decrease  with  increasing  ratios.  Thus,  under  ordinary 
conditions  with  engines  driven  by  illuminating  gas,  an  explosion 
temperature  of  3,000  and  an  explosion  pressure  of  250  for  a  ratio 
of  3  give  an  exhaust  temperature  of  2,158  and  an  exhaust  pres- 
sure of  59.9 ;  for  a  ratio  of  3.5  they  give  2,060  and  49.0;  for  a  ratio 
of  4  they  give  1,979  ^i^d  41.2 ;  for  a  ratio  of  5  they  give  1,851  and 
30.8 ;  for  a  ratio  of  6  they  give  1,752  and  24.3. 

In  order  to  fully  describe  the  situations  involved,  we  can  do  no 
better  than  to  quote  again  from  the  treatise  already  referred  to 
in  several  connections.    Here  we  have  it  that : 

"The  compression  ratio  ranges  in  present  practice  from  3  to  4 ; 
with  the  former  ratio  the  exhaust  pressure  is  never  less  than  35.7 
pounds,  and  with  the  latter  24.7  pounds,  absolute,  and  it  is  usually 
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around  45  pounds  for  one  and  30  for  the  other,  as  the  explosion 
pressure  is  generally  180  to  200.  So  that  there  is  a  waste  usually 
of  15  to  30  pounds  available  pressure  at  the  end  of  the  power 
stroke.  And,  as  the  explosion  temperature  is  almost  always 
around  2,500  and  is  frequently  near  3,000,  the  temperature  of 
the  exhaust  is  generally  from  1,600  to  1,900 — say  1,760  average, 
or  1,300°  by  thermometer  scale.  This  means  that  if  the  outdoor 
temperature  is  70**,  a  difference  of  1,230**  is  thrown  away.  And 
as  the  specific  heat  of  the  products  of  combustion  averages  .26, 
every  pound  of  exhaust  gas  emitted  at  1,300°  F.  into  an  atmos- 
phere of  70°  means  throwing  away  1,230 x. 26=  319.8  heat  units, 

or  3 19.8  X  778  =  248,804  foot  pounds  of  energy 

"Suppose  we  assume  an  expansion  ratio  of  5.8,  in  order  to  gel 
a  great  expansion,  and  a  compression  ratio  of  6.  Then  assume 
an  ordinary  engine,  because  the  effect  of  explosion  is  not  so  great 
and  a  mixture  of  12  volumes  of  air  to  i  of  gas,  because  that  is 
the  weakest  reliable  mixture.  Starting  with  the  highest  practi- 
cal initial  temperature,  660°,  and  the  lowest  practical  initial  press- 
ure, 13,  the  following  results  are  obtained: 

Pressure.    Temperature. 

Initial    13  660 

Compression    146  I1236 

Rise 1,755 

Explosion 353  2,991 

Exhaust   35.9  1,765 

On  Compoundinir  ^^^^  Engine  Cylinders. — ^The  enormous 
waste,  as  indicated  by  the  figures  given  above,  which  show  that 
over  7.5  horse-power  per  pound  of  fuel  gas  goes  through  the  ex- 
haust valves,  is  a  good  argument  for  seeking  some  device  to 
utilize  at  least  a  part  of  this  lost  energy.  The  Atkinson  cycle 
engine,  as  described  above,  seems  to  fill  many  of  the  requirements 
in  this  respect  for  stationary  engines,  but  for  motor  carriage  pur- 
poses compoundine  seems  to  be  the  most  available  system  at 
present  under  consideration.  The  subject  has  been  discussed  at 
considerable  length  in  magazines  devoted  to  motor  carriage  in- 
terests, and  an  engine  embodying  the  proposed  requirements  has 
been  constructed  by  Messrs.  Crossley  and  Atkinson  in  England. 
This  motor,  shown  in  an  accompanying  illustration,  consists 
briefly  of  three  cylinders — two  primary,  or  high  pressure,  be^ 
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tween  which  is  a  secondary,  or  low  pressure,  cylinder.  The  vol- 
ume of  the  low  pressure  cylinder  is  about  twice  that  oj  either  of 
the  high  pressure  cylinders,  thus  allowing  the  exhaust  gas  to 
expand  very  nearly  to  asmospheric  pressure,  when  fed  into  it 
from  either  of  the  others.  The  crank  shaft  is  so  arranged  that, 
while  the  two  low  pressure  pistons  are  at  the  dead  end  of  the  in- 
stroke — the  one,  of  compression,  the  other,  of  exhaust,  (or  exam- 
ple— the  low  pressure  piston  is  at  the  dead  end  of  its  out-stroke, 
or  power-stroke.    Thus  the  exhaust  gas  is  fed  to  the  low  press- 


EnElDe.    The  two  end  cyllnde 


, .... hUh-pmaan 

cylinder  by  the  pUtoa  valTc 


ure  cylinder  from  both  high  pressure  cylinders  alternately,  and 
it  performs  a  power-stroke  once  in  each  revolution  of  the  fly- 
wheel, always  alternately  to  either  of  the  others.  As  may  be 
seen  from  examination  of  the  drawing,  connection  between  the 
high  pressure  and  low  pressure  cylinders  is  had  by  means  of  a 
triple  piston  valve  moved  longitudinally  on  a  secondary  shaft  and 
so  arranged  that  pure  atmospheric  air  may  be  admitted  to  the 
centre  cylinder,  when  either  of  the  others  misses  fire.    Compound 
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gas  engines,  made  by  other  engineers,  have  the  cranks  geared 
at  a  little  over  one-third  of  the  total  revolution,  instead  of  at  i8o', 
as  in  the  one  shown.  It  has  also  been  proposed  to  make  the  vol- 
ume of  the  low  pressure  cylinder  at  least  three  times  that  of  either 
of  the  others,  but  this  seems  excessive  from  the  fact  that  the 
expanding  gas  fed  into  it  would  expand  to  a  point  below  atmos- 
phere. The  editor  of  the  "Horseless  Age"  gives  a  formula  dem- 
onstrating this,  as  follows : 

p.    "■  ■' 


•  ■ '  © 


in  which  P  is  the  initial  low-pressure  pressure,  V,  the  initial  low- 
pressure  volume,?^, the  final  pressure, at  the  end  of  the  low-press- 
ure power-stroke,  V^,  the  final  volume  at  the  same  point,  and  y, 
the  ratio  of  the  specific  heat  of  the  gas  at  constant  pressure  to  the 
specific  heat  at  constant  volume,  which  is  about  1.5  for  gasoline 
exhaust.  Then,  taking  as  the  value  of  P  the  average  of  55 
pounds,  absolute,  with  1-3  as  the  value  of  the  fraction  because  the 
ratio  of  the  cylinders  is  i  to  3,  we  have 

P'    =  66    f  -  1        =     10.6  absolute. 


0  = 


The  result  shows  a  pressure  of  about  four  pounds  below  atmos- 
phere, which,  although  indicating  a  very  complete  utilization  of 
exhaust  gas,  involves  a  cut-off  of  the  efficient  power  before  the 
completion  of  the  stroke,  unless  a  compound  gas  engine  be 
operated  with  some  kind  of  vacuum-producing  condenser,  such 
as  is  so  important  an  item  with  triple  and  quadruple  expansion 
steam  engines.  How  such  an  adjunct  to  a  gas  engine  would 
operate,  and  what  would  be  its  construction,  we  need  not  pause 
to  inquire  here. 

The  Advmntages  from  Compoundlfif^. — In  addition  to  econ- 
omy in  heat  efficiency,  which  is  the  primary  object  of  compound- 
ing a  gas  engine,  two  other  important  ends  are  achieved.  In  the 
first  place,  the  muffler,  or  exhaust  silencer,  may  be  dispensed 
with ;  since,  as  in  the  compound  steam  engine  the  highly  expand- 
ed exhaust  products  issue  to  the  air  without  noise.  This  is  a  de- 
cided advantage ;  for,  since  the  principle  of  a  muffler  involves  in^- 
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posing  obstacles,  so  as  to  break  up  the  full  force  of  the  gas  as  it 
expands,  it  furnishes  an  undesirable  back  pressure  that  absorbs  a 
goodly  pari  of  the  output  power.  In  accompanying  diagrams  sev- 
eral types  of  efficient  mufHer  have  been  shown,  but  as  the  ques- 
tion of  proportions  is  in  place  here  a  few  facts  will  be  given, ' 
As  indicated  by  Roberts,  the  formula  for  the  cubic  content  of  a 
muffler  best  calculated  to  save  power  gives  3.5  times  the  square 
of  the  cylinder  diameter  in  inches  multiplied  by  the  length  of  the 
piston  stroke  in  inches,  or 

M    =    3.5   D'   L. 

A  French  authority  states  that  an  engine  of  8  I.  H.  P.,  run- 
ning without  muffler,  gave  6.1  B.  H.  P.  at  967  revolutions  per 
minute,  but,  with  mulfler,  gave  the  same  efficiency  only  on  1,012 
revolutions.  He  also  found  for  a  2.25  I.  H.  P,  engine  an  efficient 
output  of  2,16  at  2,015  revolutions  without  muffler,  and,  of  1.91 
at  2,057  revolutions  with  muffler,  claiming  a  loss  of  20  kilogram- 
meters,  or  145  foot  pounds  per  second. 

In  the  second  place,  a  compound  gas  engine  of  the  Crossley- 
Atkinson  type  presents  the  advantage  of  affording  a  steady  drive, 
as  in  a  steam  engine,  thus  obviating  the  necessity  of  leaving  the 
fly-wheel  to  "store  up"  power  sufficient  for  three  idle  strokes.  It 
is  probable  that,  as  motor  carriage  construction  approaches 
greater  perfection,  the  subject  of  compounding  will  come  in- 
creasingly to  the  front  on  account  of  these  and  other  advan- 
tages. 


L  lypical  Curlaze  Motor  and  its  adjancts:  battery  box  and  ruel  tank:  car- 
■    cyliiiiler  nn  incloHed  crank  casp;   munler;  Induction  coll  In  gntta  percba 


CHAPTER   TWENTY-SEVEN. 

GAS   ENGINE    EFFICIENCY,   AND    ITS    OPERATIVE    CONDITIONS. 

Conditions  of  Operation:  /laxlmum  Efficiency. — Having 
now  set  forth  and  discussed  several  of  the  more  important  occa- 
sions of  lost  efficiency  in  gas  engines,  together  with  some  of  the 
methods  employed  to  neutralize  waste,  it  is  proper  to  consider 
briefly  the  conditions  of  efficiency  and  their  computation.  As 
may  be  readily  understood  from  the  facts  stated,  no  gas  engine 
can  realize  the  full  power,  which,  theoretically,  it  should  produce. 
Even  under  the  most  favorable  conditions,  with  the  observance 
of  all  rules  and  the  use  of  all  means,  mechanical  and  otherwise, 
to  conserve  energy,  it  must  fall  below  the  figures  reached  by  cal- 
culation. Thus,  as  given  by  several  writers  on  gas  engines,  there 
are  at  least  four  different  equivalents  of  the  word,  efficiency: 
Maximum  theoretical  efficiency,  actual  heat  efficiency,  mean  effi- 
ciency and  mechanical  efficiency. 

The  maximum  theoretical  efficiency  assumes  perfect  conditions 
and  a  perfect  indicator  card  diagram,  showing  an  output  of  power 
equal  to  the  figures  realized  by  the  highest  explosion  pressure, 
with  instantaneous  and  complete  combustion  and  effective 
adiabatic  expansion  to  atmosphere  during  the  power-stroke.  It 
i*»  estimated,  therefore,  as  the  difference  between  the  explosion 
temperature,  absolute,  and  the  initial  temperature,  absolute — 
which  is  to  say  the  number  of  degrees  rise  from  initial  to  explo- 
sion— divided  by  the  explosion  pressure.  Thus  it  may  be  ex- 
pressed as 

_  Rige   in   degrees  ^     T"-T'     ^     Efficiency. 

Explosion  temperature  T ' 

This  formula  holds  good  because,  on  the  theory  of  the  perfect 
gas  engine,  the  gas,  after  explosion,  should  be  expanded  to  at- 
mosphere, with  the  utilization  of  every  unit  of  heat,  or  the  re- 
turn to  the  initial  temperature.  The  efficient  figure,  therefore,  is 
the  rise  from  initial  to  explosion. 

Thus,  assuming  an  initial  temperature  of  660",  absolute,  and  an 

995 
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explosion  temperature    of   3,000°,    absolute,    we    have,  by  the 

formula, 

2340 

=     .78 

3000 

as  the  percentage  of  theoretical  efficiency  under  such  high  tem- 
peratures. 

Another  formula  calculates  the  maximum  theoretical  efficiency 
as  the  quotient  of  the  initial  temperature  and  the  rise  in  degrees 
absolute  to  the  explosion  point.    Thus : 

^  =  .282  and  1-  .282  =  .718  per  cent. 
2340  ^ 

In  either  case,  however,  the  figures  would  be  modified  by  the 
fact  that  the  specific  heat  of  all  gases  differs  between  the  condi- 
tions of  constant  volume  and  constant  pressure.  Thus  the  speci- 
fic heat  at  constant  volume  for  a  12  to  i  mixture  of  air  and  coal 
gas  is  .1803,  and  for  constant  pressure,  .2526.    Their  ratio  is 

.2526  _ 

.18U3  "  ^'^ 

Consequently,  to  obtain  the  most  exact  figures,  we  must  mul- 
tiply the  former  quotient  by  14  and  subtract  from  i,  as  before, 
to  discover  the  percentage.    Thus,  we  have  the  formula : 

1  _  1  4  ^^^    =  1  —  (1.4  X  .282  =  .3948)  =  .6052 
2340  ^ 

as  the  percentage. 

The  Actual  Heat  Efficiency. — Owing  to  various  causes, 
partly  mechanical,  partly  physical,  as  already  discussed,  even 
this  percentage  is  impossible  in  an  ordinary  four-cycle  engine; 
since  contrary  to  the  theory  of  the  above  formula,  the  exploded 
gas  is  not  expanded  to  initial  pressure  and  temperature,  but  only 
to  a  much  higher  point  at  exhaust.  Instead,  therefore,  of  the 
above  formula,  we  divide  the  exhaust  temperature,  Fahrenheit, 
by  the  figure  for  internal  temperature  rise,  Fahrenheit,  multiply 
by  1.4  and  substract  product  from  unity.  Thus,  taking  1,500 
as  a  fair  average  temperature  at  exhaust,  we  have : 
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as  the  percentage  of  efficient  power  to  be  realized  from  an 
average  gas  engine  under  most  favorable  conditions.  The  maxi- 
mum theoretical  efficiency,  therefore,  is  impossible  in  practice, 
even  under  ideal  conditions;  since  it  assumes  that  the  expansion 
Hne  of  the  indicator  diagram  is  perfectly  adiabatic,  which  is  to 
say,  indicating  an  expansion  without  loss  or  gain  of  heat  units, 
to  atmosphere.  The  figures  are  valuable,  most  largely,  as  indi- 
cating the  necessary  limitations  of  gas  engine  operation  and  con- 
struction. Some  of  the  best  gas  engines,  however,  give  an  indi- 
cated power-output  of  30  per  cent,  and  over,  according  to  claims 


Fin  W.— The  Durjea  Throi 
Hheothing  remored,  iht 


—  some  assert  slightly  higher  figures — but,  even  with  this  low 
average  the  gas  engine  is  superior  to  the  steam  engine. 

Testing  by  the  Pyrometer. — The  formulas  just  given  illustrate 
one  very  essential  point  in  gas-engine  operation,  which  is  that, 
given  the  temperature,  absolute,  at  the  moment  of  exhaust,  the 
efficiency  of  the  working  cycle  may  be  approximately  estimated; 
always,  of  course,  allowing  due  value  to  the  heat  losses  through 
the  cylinder  walls,  and  otherwise,  as  above  discussed.    The  heat 
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of  exhaust  averages  between  1,500**  and  1,900*,  absolute,  ac- 
cording to  the  compression  ratio,  which  determines  the  range  of 
temperature  rise  at  explosion ;  according  to  the  expansion  ratio, 
which  determines  the  range  of  effective  heat  and  power,  and, 
consequently,  according  to  the  temperature  of  explosion.  Of 
course,  such  high  temperatures  may  not  be  determined  by  an 
ordinary  thermometer;  for,  since  the  vaporizing  point  of  mer- 
cury is  at  675°  Fahrenheit,  no  rise  beyond  that  could  be  ade- 
quately measured.  Accordingly,  the  device  used  is  that  known 
as  a  pyrometer,  one  form  of  which  consists  of  an  electric  circuit 
containing  a  source  of  current,  a  galvanometer  and  an  iron  tube, 
enclosing  a  contact  of  an  electrode  of  platinum  and  an  electrode 
of  iridium.  When  it  is  desired  to  determine  the  temperature  of 
a  given  point  or  body  the  iron  tube  is  placed  thereat,  and  the 
heat,  causing  the  enclosed  platinum  and  iridium  to  expand,  in- 
creases the  electrical  pressure  of  the  contact.  .  The  principle  in- 
volved is  that  by  increasing  the  pressure  in  this  manner  at  any 
part  of  the  circuit  increases  the  total  strength  of  the  conducted 
current.  Thus,  the  relative  increase  in  this  respect  may  be 
measured  in  the  galvanometer,  whose  readings,  within  thermo- 
metric  range,  have  already  been  determined  for  several  known 
temperatures,  enabling  the  discovery  of  the  ratio  on  which  the 
current  conductivity  of  the  circuit  increases  with  temperature  rise 
per  degree.  There  are  several  other  varieties  of  pyrometer, 
based  on  as  many  diflferent  physical  and  mechanical  properties 
of  matter,  but  the  one  described — it  is  known  as  Chatelier's  pyro- 
meter after  its  inventor — seems  to  be  the  most  philosophic  and 
reliable. 

Heat  Efficiency:  Tlieoretical  and  Practical. — From  the  facts 
thus  far  set  forth  it  may  be  understood  that  the  actual  heat  effi- 
ciency, which  represents  "the  ratio  of  heat  turned  into  work  to  the 
total  heat  received  by  the  engine/'  furnishes  the  percentage  on 
which  is  based  the  calculations  for  "indicated  horse  power" 
(I.  H.  P.).  But,  on  account  of  the  unavoidable  waste  of  heat,  in 
the  first  place,  and  of  power,  in  the  second  place,  in  producing 
and  maintaining  the  conditions  of  operation  within  the  cylinder — 
in  keeping  the  temperature  within  operative  limits,  and  in  over- 
coming the  physical  inertia  of  the  moving  parts — the  indicated 
horse  power  is  always  much  greater  than  the  delivered  horse 
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power  (D.  H.  P.)  or  brake  horse  power  (B.  H.  P.),  when  both 
are  stated  in  terms  of  heat  units  consumed.  Owing  to  the  physi- 
cal properties  of  gases  and  to  the  conditions  of  waste,  which  re- 
duce the  expansion  line  from  the  theoretical  adiabatic  to  a  figure 
very  different,  the  total  efficiency,  as  we  have  seen,  falls  from  *J2 
per  cent,  to  26  per  cent.  The  greatest  possible  available  percent- 
age, however,  due  to  the  nearest  practicable  approach  to  ideal 
conditions,  would  represent  a  mean  between  these.  Conse- 
quently, we  may  derive  the  mean  theoretical  efHcieney,  as  the  ratio 
between  the  actual  and  the  maximum  figures,  which  gives  us : 

Indicator  reading         2G 

=  —  =.361, 


Theoretical  efficiency       72 

as  the  figure  representing  the  greatest  possible  utilization  of  heat 
in  the  operation  of  a  gas  cylinder. 

riechanical  Efficiency  in  Heat  Units  — Similarly  also,  the 
fourth  head  of  efficiency,  the  mechanical  efficiency,  of  a  gas  engine, 
represents  the  ratio  between  the  delivered  horse  power,  as  found 
by  Prony  brake  or  dynamometer,  and  the  indicated  horse  power, 
the  difference  in  practice  being  the  power  lost  by  general  internal 
friction  of  the  engine.  Thus,  if  the  indicated  horse  power  is  10 
and  the  delivered  horse  power  is  8,  the  ratio  is  found  as  follows : 

D.II.P.       8 

=  —  =  .80. 

I.H.P.        10 

To  state  this  in  terms  of  heat  expended,  we  find  that  one  horse 
power  is  33,000  foot-pounds  per  minute,  and  that  778  foot-pounds 
equals  one  thermal  unit,  which  equation  expresses  the  mechanical 
equivalent  of  heat.  Whence,  one  horse  power  per  minute  equals 
42.42  thermal  units,  which  is,  by  the  hour  2,545  thermal  units. 
Then  10  H.  P.  equals  25,450  thermal  units  and  8  H.  P.  equals 
20,360  thermal  units.    Whence  we  have : 

20360 

=  .80. 

25450 
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If,  however,  lo  H.  P.,  or  25450  B.  T.  U.  per  hour  be  assumed 
equivalent  to  the  1.  H.  P.  of  a  given  engine,  which  is,  as  we  have 
seen,  26  per  cent,  of  the  total  fuel  efficiency  suppHed  to  the  en- 
gine, we  have  it  that  the  total  theoretical  value  of  the  fuel  shouhl 
be  97,884.61  B.  T,  U.,  or  3846  H.  P.  According  to  a  noted 
authority,  the  average  of  a  number  of  tests  of  gas  engines  is  as 
follows : 

To  the  jacket  water 52  per  cent. 

To  loss  in  the  exhaus; 16    "       " 

To  loss  in  radiator,  etc 15  "       " 

To  useful  work  (D.  H.  P.) 17  "      " 


Fro.  SOR-Four-CyiinilT.  10  H.  P.  "  BufTalo"  Oasolltip  Engine  for  Motor  Vehicle  Use.  Ttl 
searing  uflhiB  motor  renJers  it  non-vlbriitiiiK.  ss^uarantciid,  VTblif,  ty  l]]p"bblftini 
spark"  syBtem  of  xot'ernliitr,  the  Biwed  inayTw  varied  from  lOO  to  1,5«0  H.  P,  ».  wltl 
out  chaaRlnr  the  motion  of  the  valves.  Thin  bi  an  exceedingly  lleiible  system  < 
governing.  The  cylinder  head  Ih  watiT-jacketed;  the  firing  ■trolie  in  the  four  cylii 
derH  follow!  consecutively,  thus  securing  perfect  balance:  the  Inlet  valves  arc  posi- 
tively operated,  thus  cnabllnR  a  wide  range  in  ailjustiiifi  fuel  charge  ratios.  Or  -~ 
count  of  the  fourcyllnder  poHitive  Ipiltera,  the  engine  ia  very  easy  to  start. 

This  shows  a  total  of  83  per  cent,  lost  for  efficient  mechanical 
work,  or  useful,  at  best,  only  for  maintaining  necessary  interior 
conditions.  Accepting  these  figures  as  fairly  typical,  we  find  for 
10  I.  H.  P.,  or  26  per  cent,  a  total  of  97.884.61  thermal  units,  or 
38.46  H.  P.  by  the  hour,  theoretically  fed  to  the  cylinder  in  shape 
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of  fuel  mixture.    Giving  the  other  quantities  their  proper  thermal 
and  mechanical  equivalents,  we  have : 

52^=50899.9972  B.  T.  U.  =  19.9992  H.  P. 
16^=15601.5376  B.  T.  U.=  6.1536  H.  P. 
15^=14682.6915  B.  T.  U.=  5.7890  H.  P. 
17^^=16640.3837  B.  T.  U.=  6.5382  H.  P. 


100       97884.6100  38.4600. 

This  example,  drawn  from  actual  averages,  represents  only  6^ 
B.  H.  P.  on  lo  I.  H.  P.,  but  in  general  practice  the  figures  are 
usually  given  as  about  8  to  lo. 

Another  authority,  as  quoted  by  several  writers,  finds  the  fol- 
lowing results  from  a  series  of  experiments  with  a  125  H.  P.  gas 
engine:  At  full  load  26  per  cent,  of  the  heat  energy  becomes 
converted  info  mechanical  energy,  44  per  cent,  lost  through  the 
exhaust  and  by  radiation  and  30  per  cent,  absorbed  by  the  jacket 
water.  At  three-quarter  load,  the  figures  become  25,  38  and  37 
per  cent,  respectively;  at  one-quarter  load,  18,  28,  54,  and,  when 
running  free,  10,  32  and  58  per  cent.  These  figures  show  that 
the  percentage  of  loss  through  the  exhaust  increases  as  the  jacket 
loss  decreases.    Other  recorded  tests  show  similar  figures. 

To  discover  the  calorific  value  of  a  gas  by  the  cubic 
foot,  or  by  any  other  unit  of  cubic  or  weight  measure,  the  fol- 
lowing formula  has  been  laid  down  for  determination  by  the  cubic 
amount  consumed  in  raising  the  temperature  of  water  by  the  de- 
gree: 

WT 

H= , 

G 

in  which  H  is  the  calorific  value ; 

W  "     "    quantity  of  water  by  volume ; 
T    ".   "    difference  in  temperature  of  the  water  sup- 
plied and  the  water  heated ; 
G    "     "    quantity  of  gas,  in  cubic  feet,  required  to  raise 
the  water  to  the  given  temperature. 
Supposing  that  in  a  given  case,  W  is  equal  to  i  liter  (.22  gal- 
lon) ;  T  is  equal  to  18,  or  the  difference  between  27**,  the  acquired 
temperature,  and  9°,  the  initial  temperature  of  the  water ;  and  G, 
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as  measured  by  a  gas  meter,  or  other  suitable  method,  equals  .190 
cubic  foot.    Then : 

1X18 

H= =94.73  thermal  units. 

.190 

as  the  g^oss  calorific  value  per  cubic  foot  of  the  particular  mix- 
ture of  gas  and  air  used  for  the  experiment.  The  net  value  is 
usually  estimated  at  about  15  per  cent,  of  the  gross  for  most 
fuel  gases,  as  found  by  the  average  of  calorimeter  tests. 
Whence,  since  15  per  cent,  of  94.73  is  about  14.21,  the  net 
value  here  is  80.52  calories,  which  indicates  the  percentage  of 
heat  units  actually  efficient  in  raising  the  temperature  of  the 
water. 

« 

Calorific  Value  of  Fuels. — ^As  given  by  reliable  authorities, 
the  calorific  value  of  several  common  hydrocarbon  fuels,  as  ex- 
pressed in  thermal  units,  is  as  follows : 

Per  Pound.     Per  Cubic  Foot. 

Marsh  gas  (C  H*) 23,594  1,051 

Benzine  (C  H') 18448  

Benzine  (C  H") 18,448  

Acetylene  (C  H") 21,492  868 

Ethylene  (C*  H*) 21430  1,677 

Natural  gas 480  to  590 

Illuminating  coal  gas 620  to  950 

Water  gas  (average) y\o 

Having  ascertained  these  facts,  we  are  prepared  to  determine 
the  thermal  efficiency  of  the  engine,  or  the  ratio  of  heat  utilized, 
as  compared  with  the  total  heat  equivalent  of  the  fuel  absorbed. 
For  this  purpose  the  following  formula  is  given  by  Goldingham : 

42.63x60 

E= , 

CX 

in  which  C  expresses  the  fuel  consumption  per  B.  H.  P.  per  hour 
in  pounds,  and  X  the  calorific  value  of  the  fuel  per  pound  in 
thermal  units. 

Although  the  constant  42.63  should  vary  somewhat  according 
to  the  figures  for  heat  and  power  equivalents  as  used  by  other 
authorities  we  may  use  this  formula  for  approximate  figures.  By 
the  table  of  percentages  given  above,  we  find  that  for  each  B.  H. 
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P.,  or  2545  B.  T.  U.,  5.88  H.  P.,  or  14964.60  B.  T.  U.,  are  ex- 
pended. Since  gasoline  contains  21,900  B.  T.  U.  per  pound,  we 
find  that  this  average  figure  gives  us  0.683  pounds  fuel  consump- 
tion per  B.  H.  P.  per  hour.    Then,  by  the  formula,  we  have : 

42.63x60       2557-80 

E= = =0.1687. 

.683X21900       15157.7 

as  the  approximate  thermal  efficiency  percentage.  This  figure 
agrees  with  the  average  percentage  for  B.  H.  P.,  given  above, 
and,  as  may  be  seen,  can  be  found  by  knowing  simply  the  rate  of 
fuel  consumption  and  the  B.  T.  U.'s  per  pound. 

Determining  Calorific  Values — Knowing  the  specific  heat  of 
a  given  gas  at  constant  volume,  the  calorific  value  in  thermal 
units  may  be  discovered  as  follows,  in  order  to  estimate  the  ther- 
mal efficiency  of  an  engine : 

H  =  C  (T-t). 

In  this  formula  H  is  the  calorific  value  in  thermal  units ;  C,  the 
specific  heat  at  constant  volume ;  T,  the  temperature  of  explosion, 
and  t,  the  initial  temperature.  The  specific  heat  for  a  9  to  i  mix- 
ture of  air  and  coal  gas  being  0.1846;  a  typical  explosion  tem- 
perature 2,764**,  absolute,  and  an  average  compression  tempera- 
ture, 921°,  we  have  340.21  thermal  units  per  pound  of  the  initial 
charge,  which  is  equivalent  to  264683.38  foot-pounds,  and 

264,683.38 

=8.02  n.  P. 

33,000 

Determining  the  Explosion  Pressure — ^The  maximum,  or 
explosion,  pressure  of  a  gas-engine  is  equal  to  the  ratio  between 
the  compression  and  maximum  temperatures  multiplied  by  the 
compression  pressure.    Thus : 

Ct 

xCp=Ep. 

Et 

Substituting  the  values  given  above  for  a  given  engine,  we 

have 

'2764 

X  68. 86 = 206. 58  pounds, 
921 
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which,  as  may  be  seen,  is  the  same  as  formerly  given  in  Chapter 

XXIV.  (page  348) : 

•p*  pi 

P«  = 

T'. 

In  order  to  estimate  the  mechanical  efficiency  of  a  given  en- 
gine we  must,  as  shown  above,  know  the  delivered  horse  power. 
While  there  are  numerous  ways  of  calculating  this,  the  simplest 
and  readiest  formula  is  as  follows : 

D^LR 

=D.  H.  P. 

18,000 

which  means  that  the  square  of  the  piston  diameter  in  inches  is  to 
be  multiplied  by  the  length  of  the  stroke  in  inches  and  the  number 
of  revolutions  per  minute  of  the  fly-wheel,  and  the  product  divided 
by  18,000.  This  denominator  is  given  by  Roberts  for  a  four- 
cycle gasoline  engine.  For  ordinary  four-cycle  gas-engines  the 
figure  is  19,000.  For  two-cycle  engines  operated  by  gasoline  the 
denominator  is  given  as  13,500;  for  other  types,  as  14,000. 

To  apply  this  formula  we  will  take  a  highly  efficient  three  cyl- 
inder gasoline  vehicle  motor  with  proportions,  as  follows:  The 
piston  diameter  is  4.5  inches ;  the  stroke  is  4.5  inches ;  the  number 
of  revolutions  per  minute  is  600.    Then,  substituting,  we  have : 

20.25X4.5X600       54,675 

= =  3.03  H.  P. 

18,000  18,000 

Calculating  for  the  three  cylinders  we  have  the  formula : 

D2  L  R  N 
=  H.  P. 

18,000 

in  which  N  is  the  number  of  cylinders.    Whence : 

54,675x3 

=  9.11  n.  P. 


18,000 


This  figure  is  a  good  average  for  the  formula,  although 
as  the  writer  is  assured  by  the  manufacturer  of  the  engine, 
loj    D.    H.    P.    has    been    obtained    by    actual    brake    tests. 
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Similarly,  on  the  basis  of  these  figures,  we  may  calculate  the 
mechanical  efficiency  per  cubic  inch  of  piston  displacement,  or 
fuel  capacity,  as  follows : 

33,000x3.03  99,990 

=  4,658. 


15.904x4.50x300        21,470.4 

In  this  equation,  15.904  represents  the  area  in  inches  of  a  4.5 
inch  piston;  4.50  represents  the  length  of  the  stroke;  300  the 
number  of  explosions  per  minute.  The  numerator,  representing 
the  figure  for  3.03  H.  P.  in  terms  of  foot-pounds  per  minute,  is 
divided  by  the  product  of  the  denominator  terms  to  give  the  foot- 
pounds per  cubic  inch  of  stroke  space.  The  result  is  verified  by 
performing  the  following  operation : 

15. 904  X  4. 50  X  300  X  4. 65        100009. 1232 

= =  3.03, 

33,000  33,000 

in  which  the  figure  for  foot-pounds  is  multiplied  by  the  cubic 
content  in  question  and  the  number  of  efficient  strokes  per  min- 
ute in  order  to  obtain  an  expression  in  the  numerator,  as  in  the 
denominator,  for  foot-pounds  per  minute.  The  result  of  the  in- 
dicated division  is  the  delivered  horse  power. 


CHAPTER   TWENTY-EIGHT. 

ON   ESTIMATING  THE   HORSE-POWER   OF  GAS   ENGINES. 

Conditions  of  Efficient  Operation. — Following  along  the 
lines  so  far  laid  down,  we  find  six  conditions  of  high  efficiency : 
I.  The  fuel  mixture  should  be  carefully  proportioned,  in  order 
to  enable  rapid  ignition  and  full  utilization  of  heat.  2.  The  press- 
ure of  compression  should  be  high,  in  order  to  enlarge  the  range 
of  temperature  rise  at  explosion.  3.  The  wall  surface  of  the  clear- 
ance, or  combustion  chamber,  should  be  as  small  as  practicable, 
in  proportion  to  its  required  volume,  in  order  to  lower  the  ab- 
sorption of  the  heat  of  combustion  and  raise  the  mean  wall  tem- 
perature, facilitating  compression.  4.  The  stroke  should  be  as 
short  as  is  consistent  with  good  design,  in  order  to  reduce  the 
wall  surface  to  which  the  expanding  gas  is  exposed,  with  conse- 
quent economy  of  heat  and  power.  5.  The  speed  of  the  piston 
should  be  high,  in  order  to  transform  the  heat  into  work  with 
the  greatest  possible  rapidity,  also  reducing  the  period  of  contact 
between  the  expanding  gases  and  the  cylinder  walls.  6.  The 
temperature  and  rate  of  circulation  of  the  jacket  water  should  be 
adjusted,  in  accordance  with  careful  observation,  in  order  that 
the  temperature  of  the  cylinder  may  be  kept  within  the  required 
limits,  without  also  absorbing  too  great  a  quantity  of  heat. 

Tlie  Time  Element  in  Power  Estimates. — In  the  determina- 
tion of  horse-power  the  time  element  is  an  important  item  in  all 
formulae.  This  is  true  because  the  power  to  be  calculated  pro- 
duces motion  and  is  not  simply  a  static  pressure  to  be  measured 
in  terms  of  pounds  weight.  In  calculating  for  a  gas-engine,  also, 
it  is  important  to  remember  that  the  power  efficiency  increases 
with  the  rate  of  motion,  being  expressed  in  terms  of  revolutions 
per  minute  of  the  fly-wheel  or  crank  shaft.  Thus,  a  given  engine 
running  with  low  gas  supply  or  high  load  may  be  able  to  rotate 
the  fly-wheel  only  200  times  per  minute,  while,  with  full  gas  sup- 
ply, or  at  average  load,  it  can  produce  as  many  as  2,000  revolu- 
tions per  minute.  Furthermore,  the  available  power  decreases 
as  does  the  number  of  revolutions  per  minute,  while,  as  has  al- 
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ready  been  indicated,  the  rate  of  gas  consumption  per  unit  of 
work  is  increased.  Thus  it  is  important  to  know,  in  making  es- 
timates for  horse-power,  whether  the  engine  in  question  is  run- 
ning free  or  under  load.  This  fact  is  generally  specified  in  reports 
on  engine  power  and  operation,  and  is  considered  in  several 
formulae. 

Fnsine  Dimensions  in  Power  Estimate. — Next  to  this,  the 
most  important  consideration  refers  to  the  dimensions  of 
the  piston  and  cylinder  and  the  length  of  the  stroke.  For, 
since  these  figures  indicate  the  power  capacity  of  the  en- 
gine, in  point  of  the  quantity  of  fuel  consumed,  and  the 
power  developed  by  explosion,  as  acting  on  the  reciprocating 
parts,  they,  together  with  the  ascertained  rate  of  motion,  are  in 
ratio  to  a  figure  equivalent  to  an  average  ratio  between  the  opera- 
tive dimensions  of  the  cylinder — these  are  given  above  in  Rob- 
erts' formula  for  D.  H.  P. — and  the  delivered  horse-power.  For 
four-cycle  gasoline  engines  this  average  denominator  is  given  as 
18,000,  and  the  figures  resulting  from  the  indicated  division  are 
average  ones.  The  formula  is  further  verified  in  the  fact  that  the 
piston  diameter  and  length  of  stroke  are  in  discoverable  propor- 
tion to  the  D.  H.  P.  and  the  number  of  revolutions  of  the  fly- 
wheel. So  that  an  engine  giving,  say,  35  D.  H.  P.  at  600  revolu- 
tions per  minute,  with  a  fuel  whose  thermic  value  is  known,  must 
have  a  certain  diameter  of  piston  and  length  of  stroke.  These 
proportions  need  not  be  further  specified  here. 

The  riean  Effective  Pressure.  -In  making  more  definite 
calculations  on  the  power  of  a  gas-engine  there  are  four  points  to 
be  considered :  i .  How  great  is  the  mean  effective  pressure  per 
square  inch  on  the  piston  during  the  power  stroke?  2.  What  is 
the  area  of  the  piston?  3.  What  is  the  length  of  the  stroke?  4. 
What  is  the  number  of  explosions  per  minute?  The  ratio  be- 
tween the  product  of  these  factors  and  33,000  gives  the  I.  H.  P. 
per  minute.    Thus : 

Pressure  X  area  X  stroke  xE.  P.  M. 

=  I.  H.  P. 

33,000 

To  reduce  this  ratio  to  a  practical  formula  we  take  the  product 
of  the  mean  effective  pressure  of  the  power  stroke ;  by  the  area 
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of  the  piston  in  square  inches;  by  the  length  of  the  stroke  in  feet ; 
by  the  number  of  explosions  per  minute,  and  divide  by  33,000, 
which  figure  expresses  the  number  of  foot-pounds  per  minute  per 
horse-power.     Thus : 

P  A  SE 

=  I.  H.  P. 

33,000 

Taking  the  figures  for  the  gasoline  engine  calculated  above, 
which  gave  3.03  D.  H.  P.,  we  have: 

80  X 15. 904  X.  375x300       141036 

= =4.27  I.  H.  P. 

33,000  33,000 

In  this  operation  the  figure  80  represents  a  fair  average  of  mean 
effective  pressure  for  high-grade  gasoline  engines  under  25 
H.  P.;  15.904  is  the  area  in  square  inches  of  a  piston  4.5  inches 
diameter;  .375  is  the  expression  in  feet  for  4.5  inch  stroke,  and 
300  the  number  of  explosions  per  minute.  The  result,  4.27  I.  H. 
P.,  is  a  fairly  proportionate  figure  for  indicated  horse-power  of 
this  engine,  since,  taking  3.03  as  17  per  cent.,  it  is  equivalent  to 
22.8  per  cent.  In  order  to  get  anything  like  exact  figures,  it  is 
necessary  to  determine  the  mean  effective  pressure,  which  can 
be  most  readily  discovered  with  an  indicator  tracing,  such  as  has 
been  depicted  above.  The  methods  of  measuring  are  either  by 
ruling  ordinatcs  at  right  angles  to  the  atmospheric  or  base  line  of 
the  diagram  and  taking  the  average  of  their  length,  or  by  use  of 
an  instrument  called  the  planimeter. 

Estimatini:  by  the  Indicator  Diagrram — As  may  be  under- 
stood from  the  term  itself,  the  mean  effective  pressure  is  an  aver- 
age expression  for  the  degree  of  pressure  in  pounds  brought  to 
bear  upon  the  piston  of  a  cylinder  during  the  power  stroke.  It 
has  been  well  defined  as  "the  difference  between  the  average 
gauge  pressure  shown  by  the  expansion  line  and  that  shown  by 
the  compression  line,  minus  the  back  pressure  of  charging  or  suc- 
tion." As  all  these  operations  are  depicted  on  the  indicator  dia- 
gram an  average  of  its  proportions  will  yield  the  desired  result. 
On  the  method  of  calculating  bv  ordinates  we  proceed  as  fol- 
lows :  A  number  of  parallel  equidistant  lines  are  ruled  on  the  dia- 
gram at  right  angles  to  the  base  line,  and  their  lengths  measured 
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between  the  points  where  they  intersect  the  compression  and  the 
expansion  curves.  The  lengths  thus  found  are  added  together 
and  the  sum  divided  by  the  number  expressing  their  number,  in 
order  to  obtain  an  expression  for  the  average  length.  This  re- 
sult is  then  multiplied  by  the  pressure  of  explosion  as  recorded 
by  the  indicator  tracing.  If,  then,  the  average  length  of  the  ordi- 
nate lines  is  two  inches  and  the  indicated  pressure  at  explosion 
is  300  pounds,  the  result  would  show  a  mean  effective  pressure  of 
600  inch-pounds  or  50  foot-pounds. 

A  simpler  method  is  to  find  the  mean  ordinate  of  the  diagram 
by  the  following  process :  Find  the  centre  of  the  diagram  figure 


Fig.  309.— Recording  Mechanism  of  a  Typical  Planimeter.  D  is  the  graduated  drum, 
divided  into  10  numbered  sections,  each  representing  1  s(]uare  inch,  and  10  interme- 
diate points,  each  equal  to  1-10  square  inch.  £  is  the  vernier,  which  is  divided  into  10 
equal  parts,  each  representing  1-100  inch.  The  wheel,  Q,  records  the  number  of  revo- 
lutions of  the  drum,  D,  each  of  its  graduations  being  equivalent  to  10  square  inches, 
as  measured  at  the  po«;t,  J.  The  measurement  on  the  positions  shown  gives  10  on 
disc,  G;  4  on  the  roller,  D,  which  is  the  last  number  passing  zero  on  the  vernier;  7-10 
for  the  smaller  graduations  on  D,  as  shown  by  line,  a,  at  zero  on  the  vernier;  and  8 
on  the  vernier,  as  representing  the  scale  point  on  the  vernier  opposite  to  the  nearest 
number  on  D.    The  result  is,  tlierefore,  14.73  square  inches. 


on  the  base  line ;  erect  a  line  perpendicular  to  the  base  from  that 
point;  draw  another  line  from  the  base  so  that  it  touches  the 
expansion  line  at  about  the  point  of  exhaust  valve  opening,  at 
such  an  angle  that  the  two  parts  on  either  side  of  the  centre  line 
will  be  equal,  measuring  from  a  perpendicular  on  the  explosion 
line  on  the  one  side,  and  from  another  touching  the  "toe"  of  the 
tracing  on  the  opposite  side.  The  portion  of  the  centre  line  thus 
laid  off  by  intersection  is  the  mean  ordinate,  which,  multiplied 
by  the  indicated  pressure,  gives  the  M.  E.  P. 
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Calculating  Diagrams  by  Planlmeter.— A  more  exact  method 
IS  by  the  use  of  the  planimcter,  one  form  of  which  is  shown  in  an 
accompanying  figure.  Briefly,  it  consists  of  two  arms  pivoted 
together.  One  of  them  is  arranged  to  be  secured  to  the  board, 
the  other  carries  a  tracing  point  on  the  free  end  and  a  graduated 
wheel  arranged  to  indicate  square  inches  and  tenths  of  an  inch 
and  a  vernier  to  indicate  hundredths.  Having  secured  the  instru- 
ment to  the  board  in  such  a  manner  that  the  tracer  may  be  set 
upon  the  lines  of  the  diagram,  the  graduated  wheel  is  adjusted 
so  that  the  point  registers  zero.  Then,  moving  the  tracing  point 
over  the  entire  line  of  the  diagram  in  the  same  direction  as  the 
hands  of  a  watch,  the  wheel  is  made  to  travel  accordingly,  and 
to  register  the  area  of  the  circumscribed  space.  If,  now,  the 
largest  figure  on  the  graduated  wheel  is  2,  and  the  number  of 
graduations  thereafter  passing  zero  on  the  vernier  be  6  and  the 
opposite  graduation  on  the  vernier  be  4,  we  have  the  figure  2.64 
as  the  area  of  the  diagram  in  square  inches.  This  figure  should 
then  be  divided  by  the  extreme  length  of  the  diagram,  which 
may  be  taken  as  3.2  inches,  which  gives  the  quotient  0.821875 
as  the  average  height  of  the  diagram.  This  figure  multiplied  by 
the  scale  of  the  spring,  used  in  the  indicator  making  the  diagram, 
gives  the  figure  for  mean  effective  pressure.  If  this  figure  be  40, 
for  example,  we  have  as  the  result  32.88,  as  the  expression  for 
mean  effective  pressure.  From  this  it  may  be  understood  that 
the  size  of  the  diagram,  or  the  length  of  the  circumscribed  line 
varies  accoroing  to  the  strength  of  the  spring  geared  to  the  trac- 
ing pencil,  and,  according  to  the  engine  pressure  bearing  upon 
that  spring.  Thus  a  weak  spring  with  a  moderate  pressure  would 
give  a  very  large  diagram,  while  a  strong  spring  and  a  high  pres- 
sure would  give  one  no  larger.  Thus  the  spring  strength  or 
scale  is  an  item  in  calculating  the  effective  pressure  of  the  engine 
giving  the  diagram. 

The  indicator  is  fully  explained  in  the  chapter  on  steam. 

Determining:  the  Speed. — Knowing  the  mean  effective  press- 
ure of  the  engine,  the  only  undetermined  element  in  the  above 
formula  is  the  speed,  expressed  as  revolutions  per  minute  of  the 
fly-wheel,  which  being  halved  gives  the  number  of  explosions 
per  minute  for  a  four-cycle  engine.  The  readiest  method  is  to 
test  with  a  tachometer  (speed-meter),  an  instrument  consisting  of 
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a  rod  which  is  pressed  against  the  end  of  a  rotating  shaft,  so  as 
to  be  rotated  with  its  motion,  and  record  the  number  of  such 
revolutions  per  given  time  on  a  dial. 


T\a.  SIO.— Melhod  of  ATensliB  »  Dlatrram  with  one  Type  of  Plflnimeter.  The  pin,  Q,  ta 
•et  In  [he  ktodve.  I.  The  card  li  held  on  the  baanl  bftwpen  rlani|H,  C  and  A.  The 
tracLnr  point.  O,  !■  set  at  point,  D,  utd  Hie  arm  moved  clockwue.  the  vcrnif  r  Hid 

Average  Figures  lor  Speed  — A  fair  average  figure  may  be 
substituted  in  the  formula  given  above  for  indicated  horse-power, 
when  the  revolutions  per  minute  are  not  known.  It  may  be  found 
as  follows:  Since  the  piston  speed  of  most  motor  carriage  en- 
gines running  at  full  power  is  somewhere  between  400  and  600 


402  SELF-PROPELLED    VEHICLES. 

feet  per  minute,  we  may  take  the  average  of  500  feet,  multiply  it 
by  12  to  reduce  to  inches  and  divide  by  twice  the  length  of  the 
stroke  in  inches.    Thus : 

6,000 
=R.  P.  M. 

2S 

Twice  the  stroke  is  used  because  that  expresses  the  space 
covered  by  the  piston  in  each  revolution  of  the  fly-wheel.  Sub- 
stituting this  formula  in  the  typical  engine  mentioned  above,  we 
find  that : 

6,000 

=666  revolutions  per  minute, 

9 

which  is  very  nearly  the  correct  figure. 

Roberts  gives  a  more  complicated  formula,  as  follows : 
"The  following  formula  representing  average  practice  among 
manufacturers  will  be  found  valuable  in  making  the  first  ap- 
proximate calculation : 

"  Let  11= the  D.  II.  P.  of  the  engine; 
Let  R=the  revolutions  per  minute; 
Then  for  a  four-cycle  engine 

380 
R= 


21 


(H)- 

"In  order  to  solve  the  above  equation  it  is  necessary  to  use 
logarithms.  Suppose  it  is  desired  to  find  the  speed  of  a  15  H.  P. 
four-cycle  engine.  Take  a  table  of  logarithms  and  find  first  the 
logarithm  of  15,  which  is  1.176091 ;  multiplying  by  .21  the  result 
is  .24697911,  which  is  the  logarithm  of  15  to  the  .21  power.  The 
logarithm  of  380  is  2.579784;  substracting  the  logarithm  of 
(15)"  from  this,  we  have  2.332705,  which  is  the  logarithm  of  215. i. 
The  proper  speed  for  this  engine  is  215  r.  p.  m.  or  thereabout." 

Bstimatinir  Power  Without  Diagrams. — ^The  formulae  given 
above  depend  for  exact  results  on  the  measurement  of  indicator 
diagrams.  But  it  is  possible  to  compute  roughly  without  these. 
An  authority  quoted  previously  gives  the  following : 

"When  an  estimate  of  an  engine's  capacity  is  desired,  and  no 
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diagrams  are  obtainable,  the  approximate  horse  power  attain^ 
able  in  the  cylinder  may  be  found  by  means  of  the  formula : 

ExVC    /P'-PExBE        PC-FxRC 
xf 1=H.  R 


1,000 


/^F'-PEXKE         PU-P»XKCv 
\  120  140         ) 


"No  doubt  the  formula  will  seem  rather  complicated  at  first 
glance,  but  its  application  is  by  no  means  difficult.  Stated  as  a 
rule  it  reads  as  follows : 

"Multiply  the  exhaust  pressure  by  the  expansion  ratio,  and  sub- 
tract the  product  from  the  explosion  pressure;  divide  what  is  left 
by  I20,  and  call  the  result  the  'first  quotient.' 

"Multiply  the  initial  pressure  (about  13.2)  by  the  compression 
ratio,  and  subtract  the  product  from  the  compression  pressure;  di- 
vide what  is  left  by  140,  and  call  the  result  the  *  second  quotient.' 

"Subtract  the  second  quotient  from  the  first  quotient,  and  multi- 
ply the  remainder  by  the  number  of  explosions  per  minute  and  by 
the  clearance  volume;  divide  this  result  by  1,000." 

By  attentively  reading  this  rule  the  quantities  may  be  readily 
recognized  on  the  formula  where  they  are  designated  by  their 
initial  letters. 

The  same  authority  gives  another  formula  based  on  average 
figures  as  follows :  Take  the  figure  for  the  difference  between  the 
exhaust  pressure  and  the  initial  pressure  (13.2).  Multiply  it  by  a 
figure  representing  the  average  found  by  adding  the  compression 
ratio  and  expansion  ratio  and  dividing  by  2.  Subtract  the  product 
thus  found  from  the  figure  for  pressure  rise,  which  is  to  say  the 
difference  between  the  pressure  of  explosion  and  the  pressure  of 
compression.  Divide  the  remainder  by  10.  Multiply  the  quotient  thus 
found  by  the  product  of  the  number  of  explosions  per  minute  and 
the  clearance  volume,  and  divide  the  product  by  10,000. 

Expressed  graphically  this  gives  us : 


ExVC     (P--PC)-(PE-Fx^^^^) 
X =  ^-  P- 

10,000  10 

Estimating  tlie  Power  iiy  Prony  Bralce* — The  most  satis- 
factory method  of  testing  the  effective  power  of  an  engine  is  by 
the  use  of  Prony's  brake,  one  form  of  which  is  shown  herewith. 
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Briefly,  it  consists  of  a  band  of  rope  or  strip  iron — the  latter  is 
the  arrangement  shown — ^to  which  are  fastened  a  number  of 
wooden  blocks,  several  carrying  shoulders  to  prevent  the  con- 
trivance from  slipping  off  the  wheel  rim.  Being  applied  to  the 
circumference  of  the  fly-wheel  the  brake  band  is  drawn  tight,  as 
shown,  so  that  the  blocks  press  against  the  surface  all  around. 
The  brake,  thus  formed,  is  prevented  from  revolving  with  the 
fly-wheel,  by  two  arms,  attached  near  the  top  and  bottom  centres 
of  the  wheel,  and  joined  at  the  opposite  ends  to  form  a  lever, 
which  bears  upon  an  ordinary  platform  scale,  a  suitable  leg  or 
block  being  arranged  to  keep  its  end  opposite  to  the  centre  of 
the  shaft.  By  this  arrangement  the  amount  of  friction  between 
the  brake  band  and  the  revolving  wheel  is  weighed  upon  the 
scales.  For  since  the  brake  fits  tightly  enough  to  be  carried 
around  by  the  wheel,  but  for  the  arms  bearing  upon  the  scale, 
the  amount  of  frictional  power  exerted  by  the  wheel  in  turning 
free  within  the  blocks  may  be  transmitted  and  measured,  just  as 
would  be  the  case  were  a  machinery  load  attached,  instead  of  a 
friction  brake. 

The  Factors  in  the  Pormute. — ^Accordingly,  the  factors  in 
estimating  the  power  developed  are:  (i)  The  circumference  of 
the  wheel ;  (2)  the  length  of  the  leverage,  measured  on  the  line 
drawn  from  the  centre  of  the  rotating  shaft  to  the  centre  of  the 
scale  platform ;  (3)  the  number  of  revolutions  per  minute ;  (4)  the 
weight  in  pounds  registered  by  the  scales,  less  the  static  weight 
of  the  brake  lever  arms  and  block  resting  on  the  platform.  With 
this  form  of  Prony  brake  the  formula  for  delivered  horse-power 
is  as  follows : 

WxNxLxC 
=B.  H.  P. 

33,000 

in  which  W  is  the  net  weight  as  shown  by  the  scale;  N,  the 
number  of  revolutions  per  minute ;  L,  the  length  of  the  leverage ; 
C,  the  circumference  of  the  braked  fly-wheel.  Their  product 
gives  the  number  of  foot-pounds  developed ;  the  quotient  of  the 
indicated  division  by  33,000  gives  the  efficient  horse-power.  If, 
therefore,  a  given  engine  has  a  fly-wheel  of  16  inches  diameter, 
revolving  at  600  revolutions  per  minute,  and  giving  27.5  pounds 
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at  the  scale,  with  a  leverage  of  5  (eet,  we  have,  according  to  the 
above  formula : 

27.5x«00x5x*J-*"«\'«  _  346830.57 

-■  .  —  - — — =  10.51  horse  power. 

33,000  33,000 

The  diameter,  16  inches,  being  multiplied  by  3.14159,  the  ex- 
pression for  the  ratio  between  the  circumference  and  diameter  of 
a  circle,  gives  50.2655  inches,  which,  divided  by  12,  gives  4.189 
feet  approximately. 

Other  Forms  of  Prony  Brake. — In  some  forms  of  Prony 
brake  the  block-bearing  rope  or  band,  instead  of  being  secured 
as  shown  in  the  cut  is  attached  to  the  floor  and  ceiling — two 
dynamometers  or  spring  balances  being  interposed.  Thus  in  the 
formula  for  estimating  with  this  form,  the  item  of  leverage 
length  is  omitted,  the  expression  being: 

WxNxC 
=D.  H.  P. 


As  may  be  readily  understood  the  scale  weight  in  this  case 
would  equal  the  product  of  the  weight  and  leverage  length  with 
the  other  formula. 


Fm.  nOa.— Common  Form  or  Prony  Bmkc,  ror  tf^tlnic  Ihn  D.  H.  P.  of  ui  engine.  An  Iron 
banci  «lio<i  wllh  wcjoilfn  bl.MrkK  is  druwn  licliliy  iirouiiil  llic  fLrcumferencH  of  the  By- 
wheel.  To  (his  two  urniH  arc  Bltavli<-<l.  tho  otApr  enilH  of  irhicli  boar  upon  the  ncale 
platrorm.  aa  shoHn.    It  la  neo-sBary  Dint  thi-  scale  platform  be  raised  to  the  wine 

s'fect  8  inchesr  the  illamct^T  of  the  whi^l  bi-in((  8  feet.  These  two  facto™,  the 
R  P.M.  anil  t  be  recorded  welHht,  are  the  eiiBentUl  elemeaU  iQ  tbe  determination  of 
power  us  by  the  above  fonuuht. 


CHAPTER   TWENTY-NINE. 

ON   CARBURETTERS   AND   VAPORIZERS. 

Carburettins:  Devices  of  Various  Descriptions. — In  opera- 
ting a  gasoline  vehicle  motor,  it  is  essential  that  the  liquid  fuel 
be  transformed  into  a  gas,  so  as  to  be  fed  to  the  cylinders  with  a 
suitable  mixture  of  atmospheric  air.  This  process  is  performed 
by  a  device  known  as  a  carburetter,  which  consists  in  general  of 
a  vessel  into  which  a  small  amount  of  liquid  gasoline  is  admitted 
as  required,  and  being  there  vaporized  by  air,  which  is  passed 
through  it  or  over  it,  and  by  the  suction  of  the  piston  causes 
the  gasoline  to  rise  through  a  small  orifice  and  mix  with  the 
passing  air  current  in  the  form  of  spray.  There  are  two  com- 
mon forms  of  carburetter;  the  surface  carburetter,  in  which  a 
current  of  air  passing  over  the  surface  of  the  liquid  gasoline,  ab- 
sorbs a  certain  portion  of  it,  and  the  float  feed  carburetter,  or 
sprayer,  in  which  a  current  of  air  is  drawn  by  the  suction  of  the 
piston  stroke,  causing  a  spray  to  rise  from  the  gasoline  through  a 
nozzle,  the  level  of  the  liquid  being  continually  maintained  by  a 
float  controlling  a  needle  valve  to  the  supply  tank.  A  third  form, 
the  filtering  carburetter,  has  several  points  of  resemblance  to  the 
simple  mechanism  sometimes  employed  for  vaporizing  gasoline 
for  the  purpose  of  illuminating  houses.  The  gasoline  is  con- 
tained in  a  suitable  receptacle,  which  stands  in  a  cistern  filled 
with  water  to  a  certain  level ;  a  cylindrical  cover,  balanced  by  a 
weight  passing  over  a  pulley,  is  suspended  in  the  cistern  over  the 
gasoline  receptacle,  and  is  caused  to  rise  by  the  pressure  of  air 
that  has  been  pumped  through  the  liquid  gasoline  and  has  ab- 
sorbed a  sufficient  portion  of  it  to  render  the  mixture  of  air  and 
gas  inflammable.  This  mixture  is  then  fed  to  the  pipes  leading 
to  the  gas  burners  in  the  house. 

Air  thus  charged  with  the  vapor  of  gasoline,  or  other  volatile 
spirit,  is  said  to  be  carburetted.  In  the  practical  construction  of 
carburetters  for  gasoline  vehicle  use,  a  number  of  points  must 
be  considered,  since  in  the  use  of  such  a  device  of  any  pattern, 
the  elements  of  jar  and  vibration  likely  to  disturb  the  operation 
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of  the  instrument,  must  be  provided  against.  Also,  for  numer- 
ous other  reasons,  only  a  portion  of  the  total  fuel  carried  is 
acted  upon  by  the  air  current  at  one  time  in  the  carburetters. 


the  early  DUmler  cycle*  and  ci 


Daimler's  Surface  Carburetter. — The  idea  of  using  liquid  fuel 
for  a  gas  engine,  and  carburetting  it  by  a  suitable  instrument, 
was  one  of  the  improvements  introduced  by  Gottlieb  Daimler. 
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Daimler's  carburetter,  a  section  of  which  is  shown  in  an  accom- 
panying illustration,  was  used  on  the  earliest  mo.or  vehicles,  tri- 
cycles and  carriages  made  by  him.  It  was  a  very  efficient  in- 
strument in  its  day,  but  represents  a  style  of  construction  that 
has  been  entirely  superseded.  It  consisted  of  an  elongated  cylin- 
drical vessel,  which  was  partially  filled  with  gasoline.  Upon  this 
liquid  was  a  hollow  cylindrical  float,  the  shell  of  which  was 
slightly  depressed  upon  the  upper  face,  so  that  the  gasoline  rising 
through  the  hollow  in  the  centre  could  be  readily  exposed  to 
the  action  of  the  air,  drawn  through  the  vessel  by  the  suction  of 
the  piston.  The  float  also  carried  a  vertical  tube,  which  reached 
upward  through  the  top  of  the  inclosed  cylindrical  vessel,  slid- 
ing freely  in  a  second  tube  of  larger  diameter,  in  order  that  the 
float  might  rise  or  fall  to  the  level  of  the  gasoline.  In  the  top 
of  the  cylindrical  vessel  was  also  set  a  cylinder  of  somewhat 
smaller  diameter,  having  a  perforation  in  its  top  admitting  at- 
mospheric air,  and  having  its  base  connected  with  the  interior 
of  the  main  cylindrical  vessel.  These  openings  at  both  top  and 
bottom  could  be  regulated  by  rotary  valves.  At  the  left-liand 
upper  side  of  this  cylinder  was  a  vent,  which  was  connected  with 
the  combustion  chamber  of  the  cylinder.  The  operation  was  as 
follows:  When  the  piston  began  the  suction  stroke,  air  was 
drawn  through  this  vent,  some  of  it  coming  through  the  upper 
openings  already  mentioned,  and  another  portion  through  the 
vents  at  the  base,  which  connected  it  with  the  main  body  of  the 
instrument.  The  air  from  within  this  main  cylinder  was  drawn 
downward  to  the  operating  tube;  the  greater  portion  of  it,  as 
may  be  understood  from  the  figure,  passing  through  the  small 
holes  in  the  base  of  the  tube,  thus  upward  through  the  gasoline 
contained  within  the  central  depression  of  the  body  of  the  float, 
causing  vaporization  and  thoroughly  charging  the  air  drawn  into 
the  cylinder.  As  may  be  seen  from  the  illustration,  the  upper 
cylinder,  which  is  in  connection  with  the  combust'on  space,  has  its 
vents  covered  with  wire  gauze ;  the  object  of  this  was  to  prevent 
the  ignition  of  the  contained  gasoline  and  vapor,  in  case  of  back- 
firing in  the  cylinder. 

MaylMch's  Float  Carburetter. — On  later  vehicles  made  by 
Daimler  were  used  the  balanced  float  feed  carburetters  invented 
by  his  collaborator,  William  Maybach.    As  first  constructed  by 
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him,  this  style  of  instrument  was  the  simple  device  shown  in  the 
accompanying  cut.  The  float.  A,  contained  within  a  small  vessel 
connected  by  a  tube,  B,  with  the  valve  chamber  of  the  cylinders, 
F,  bears  upon  its  upper  face  the  spindle  of  a  nepdle  valve,  which 
regulates  the  rate  at  which  the  gasoline  is  admitted  to  the  car- 
buretter through  the  tube  shown  at  its  top.  Tljis  is  the  simplest 
form  of  the  float  feed  carburetter.  The  action  is  as  follows: 
When  the  piston  in  the  cylinder,  F,  is  making  its  suction  stroke, 
the  valve,  U,  is  opened  inwardly,  compressing  the  spring,  £. 
carried  on  its  stem,  and  giving  admission  to  atmospheric  air,  as 
indicated  by  the  arrows.  Since,  however,  the  end  of  the  tube,  B, 
which  is  reduced  to  form  the  spraying  nozzle,  occupies  the  greater 
part  of  the  air  inlet,  the  strong  spray  of  liquid  gasoline  is  drawn 


rayli])(  nozzle;  D,  th< 


lay:  B,  Die  tube  lexllas  \aXa  the  iDlet  vulve 
inlet  valve;  E.  the  inlet  vsJveBpHng;  F,  the 


up  by  suction  and  mixes  with  the  atmospheric  air  in  the  valve 
chamber,  C,  the  proportions  of  the  mixture  being  determined  by 
the  dimensions  of  the  apertures  admitting  additional  air  into  the 
cylinders.  The  defects  of  this  instrument  are  obvious;  for  since 
the  float,  A,  is  not  balanced  in  any  manner,  its  action  was  liable 
to  be  uncertain  through  the  vibrations  of  travel,  with  the  result 
that  its  regulation  of  the  level  in  the  flaat  chamber  would  be  un- 
certain if  the  valve  stem  were  not  wrenched  or  broken  so  as  to 
render  the  machine  useless.  Largely  from  the  considerations 
just  noted,  later  types  of  the  float  feed  carburetter  have  been  con- 
structed with  a  very  elaborate  and  reliable  adjustment  to  secure 
the  maintenance  of  the  desired  level  and  the  certain  action  of  the 
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needle  valve.  The  method  of  admitting  air  to  mix  with  the  gaso- 
line spray  under  suction  of  the  piston  hag  also  been  so  improved 
as  to  permit  of  considerable  adjustment  of  the  proportions  in  the 
fuel  mixture. 


lo.  118.— Tlie  LoDEuemue  Flokt  Feed  Carburetter.    A  [■  the  floM;  B,  B.  the  welsbtei 

Levi^n  (.-atitrolUDg  the  needle  valve;  C,  the  welebt  holdlni  the  needle  valve  cloeei 
wbllethe  lever  la  rtght  in  the  float  chamber;  6,  the  spindle  of  the  needle  valve;  E 
air  Inlet;  F,  pipe  communlcatlDg  to  combustion  apace  ol  cjllnder;  O,  cock  fo 
admitting  additional  air  supply. 


The  Longuemare  Float  Feed  Carburetter. — The  Longue- 
mare  carburetter,  shown  in  an  accompanying  illustration,  is  one 
of  the  most  elaborate  variations  of  the  Daimler-May  bach  type. 
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The  carburetter  chamber  contains  the  float,  A,  through  which 
passes  the  stem  of  the  needle  valve,  D;  this  needle  valve,  how- 
ever, is  not  attached  to  the  float  as  in  the  earlier  model,  but  is 
normally  held  in  place  by  the  weight,  C,  which  holds  the  port 
leading  to  the  gasoline  tank  normally  closed.  On  either  side  of 
the  weight,  C,  is  fixed  a  small  lever  in  such  a  fashion  that  when 
the  liquid  gasoline  is  at  the  required  level  and  the  float  in  the 
raised  position,  they  are  also  held  up  by  the  weight,  C,  bearing 
upon  their  inner  arms.  When,  however,  the  level  falls,  the  float, 
A,  bears  upon  the  pivoted  weighted  arms,  B  and  B,  at  the  oppo- 
site extremities,  pressing  them  downward,  as  shown  in  the  il- 
lustration, and  causing  the  weight,  C,  carrying  the  valve,  D,  to 
be  raised  upward,  thus  opening  the  inlet  for  the  liquid  gasoline 
until  the  normal  level  is  once  more  restored.  The  mixing  cham- 
ber shown  in  connection  with  this  type  of  carburetter  is  consider- 
ably more  elaborate  than  the  one  used  with  the  Maybach  just 
described.  The  tube,  F,  leads  to  the  combustion  chamber  of  the 
cylinder,  and  when  the  piston  is  making  its  suction  stroke  atmos- 
pheric air  is  drawn  through  the  tube,  £,  passing  around  the  ad- 
justable valve-shaped  nozzle  leading  from  the  float  chamber. 
This  valve-shaped  nozzle  is  of  interesting  construction,  consisting 
of  a  head  having  the  general  form  of  a  mushroom-valve,  to  the 
base  of  which  is  a  threaded  stem,  permitting  of  adjustment  in  the 
size  of  the  orifice,  through  which  the  gasoline  spray  is  drawn  by 
the  suction  of  the  piston.  Directly  above  this  valve-nozzle  are 
fixed  several  layers  of  wire-gauze,  through  which  the  carburetted 
air  passes  on  its  way  to  the  vent,  F.  At  the  point,  Fy  as  shown, 
there  are  several  other  layers  of  wire-gauze.  Their  object  is 
principally  to  prevent  all  danger  of  explosion,  or  of  disablement, 
to  the  instrument  in  the  event  of  burning-back,  which  is  liable  to 
take  place  if  the  inlet  valves  are  not  arranged  to  close  promptly, 
or  if  they  should  be  in  any  other  fashion  disabled.  The  quantity 
of  air  admitted  to  the  carburetter  through  the  inlet  port,  E,  is 
controlled  by  a  cylindrical  valve  having  the  same  general  con- 
struction as  an  ordinary  faucet,  the  opening  of  which  is  con- 
trolled by  the  upright  arm  shown  just  Lelow  the  cock,  G.  A  still 
further  adjustment  of  the  mixture,  particularly  when  a  larger 
portion  of  air  is  desired,  may  be  obtained  by  opening  this  cock, 
C,  and  admitting  the  air  from  above.  In  spite  of  its  complica- 
tion, this  instrument  has  been  very  widely  used. 
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The  Peugeot  Carburetter — ^The  float  feed  carburetter  used 
on  the  Peugeot  carriages,  although  simpler  in  its  general  details, 
has  many  of  the  excellent  features  of  the  instrument  just  de- 
scribed. In  this  also,  the  needle  valve  is  held  on  a  rod  which 
passes  through  the  body  of  the  float,  being  also  held  in  a  de- 
pressed position,  so  as  to  close  the  vent  by  a  weight,  which  is 
raised  by  pairs  of  pivoted  levers  under  the  weight  of  the  float 
whenever  the  level  sinks  below  the  required  point.  The  mixing 
tube  is  connected  at  the  base  with  the  combustion  chamber  of  the 
cylinder,  admitting  air  through  the  tube  coming  in  vertical  direc- 


tion from  above,  the  spray  being  drawn  through  the  nozzle, 
which  is  shaded  in  black.  This  nozzle  is  of  the  ordinary  pattern 
with  a  reduced  mouthpiece.  Directly  above  it  is  an  adjustable 
sliding  valve,  controlled  by  a  turn-screw  in  the  wall  of  the  cham- 
ber, which  varies  the  quantity  of  air  admitted,  and  hence  also  the 
richness  of  the  mixture.  Additional  air  may  also  be  admitted 
when  desired,  through  the  tube  leading  from  the  base  of  the 
mixing  chamber,  controlled  by  the  cock  as  shown. 
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The  Perfected  Daimler  Carburetter. — The  float  feed  carbu- 
retters used  on  the  later  patterns  of  the  Cannstadt-Daimler  car- 
riages, and  also  on  those  manufactured  in  France  by  the  firm  of 
Panhard-Levassor,  are  in  several  respects  similar  to  the  one  last 
described.  In  these  carbnretters  the  spindle  of  the  needle-valve 
is  passed  through  the  tube  in  the  centre  of  the  float.  From  the 
top  of  the  (gasoline  chamber  hang  two  small  supports,  into  which 
are  pivoted  levers  working  in  a  collar  on  the  valve  rod  at  one 
extremity  of  each,  and  having  weights  bearing  upon  the  top  of 
the     float     at     the     other.      The     top     of     the     spindle     pro- 


"  Daimler  Carburet tt 

r-,    -..avint;  nozzle:  Q,  the'"  mushroom  "  spra^  — -  ,-.. 

leading  to  tlie  cylinder  gliamber;   I.  the  ila  inlet.     The  air  entering  the  mixiDB 

trudes  through  the  cover  of  the  float  chamber  and  is 
normally  held  in  a  depressed  position  by  a  spring  bear- 
ing upon  its  end,  thus  ensuring  the  closure  of  the 
needle-valve  and  the  stoppage  of  the  gasoline  feed  so  long 
as  the  desired  level  is  maintained;  as  soon,  however,  as  this  level 
falls,  the  weighted  extremities  of  the  two  levers  are  depressed, 
causing  the  opposite  ends  to  bear  upon  the  collar  on  the  valve 
spindle,  thus  forcing  it  up  and  opening  the  valve.  In  the  lettered 
section  of  this  carburetter,  we  may  see  the  needle-valve  at  A,  be- 
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low  it  being  shown  the  supply  pipe  leading  from  the  gasoline 
tank,  and  the  layer  of  wire-gauze  interposed  just  below  the  en- 
trance to  the  float  chamber.  The  simple  weighted  levers  are 
shown  at  B,  the  hollow  float  at  C,  the  passage  for  the  admission 
of  air  at  /,  and  the  passage  leading  to  the  combustion  chamber 
at  H.  The  operation  is  precisely  similar  to  that  of  the  other  car- 
buretters already  described.  Directly  above  the  spring  nozzle 
is  fixed  a  cone,  or  deflector,  G,  which  serves  to  disperse  the  spray 
which  is  forced  against  it  by  air  pressure,  thus  securing,  as  as- 
serted, the  more  complete  and  uniform  mixture  of  air  and  gaso- 
line vapor. 


Fio.  8ia.— The  Duryea  Float  Food  Cwburetter  Or  Sprayer. 

The  Duryea  Float  Carburetter. — A  large  proportion  of  gaso- 
line carriages  manufactured  in  America  have,  up  to  the  present 
time,  been  equipped  with  float  carburetters  of  the  same  general 
construction  as  those  already  described.  Very  exaggerated 
claims  are  made  by  several  manufacturers  as  to  the  superiority 
of  their  own  contrivances,  but  the  principal  innovation  which 
they  can  show  seems  to  consist  in  improved  devices  tor  securing 
undisturbed  action  of  the  needle-valve,  and  for  regulating  the 
proportions  of  the  fuel  mixture  fed  to  the  cylinder.  The  Duryea 
carburetter,  or  sprayer,  shown  in  an  accompanying  cut,  is  per- 
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haps  one  of  the  simplest  among  those  produced  in  America. .Like 
the  float  feed  carburetters  already  described,  it  has  a  gasoline 
chamber  in  which  is  placed  a  hollow  cylindrical  float ;  this  float, 
like  that  used  in  the  earliest  form  of  the  Maybach  carburetters, 
carries  the  point  of  the  needle-valve  secured  to  its  top,  thereby 
closing  the  entrance  of  the  gasoline  from  the  tank  through  the 
top  of  the  float  chamber,  so  long  as  the  proper  level  is  maintained 
within.     Unlike  the  early  Maybach  carburetter,  however,  this 


l^'io.  SIT.— The  De  Dion  t  Boulon  Taporlzpr.    A  1b  the  cover  or  the  air  chamber;  B,  the 

air  valve;  C.  the  flont:  D.  the  mixiiie  cliamber;  E,  gasoline  supply;  F.  gsBoUne 
needle  valve:  0,  valve  contrnllliiK  lever.  Arrow  (1)  intlicatea  courw  at  air  through 
mlxinK  chambrr;  arrow  Q),  course  of  addillooal  air  tbrough  valve  B. 

float  is  balanced  by  vertical  guides  at  four  points  on  its  circum- 
ference, as  may  be  readily  understood  from  the  plan  and  sec- 
tional views  given  herewith.  Connected  with  the  float  chamber 
is  a  vertical  passage,  whose  height  may  be  controlled  by  an  ad- 
justing screw,  shown  in  the  figure,  and  which  connects  to  a 
spraying  nozzle,  extending  into  the  tube  or  passage  from  atmos- 
phere to  the  combustion  chamber  of  the  cylinder.  As  shown  in 
the  plan  view,  the  spraying  nozzle  is  bent  around  to  a  right  angle 
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at  the  end  and  is  enclosed  in  a  short  length  of  small  diameter 
tubing.  The  inflow  of  air  through  the  larger  tube  is  controlled 
by  an  adjustable  rotary  valve.  The  liquid  gasoline  is  fed  to  the 
float  chamber  from  the  supply 'tank  through  a  length  of  tubing 
encased  in  a  cylindrical  cover  of  wire-gauze,  intended  primarily 
to  prevent  the  passage  of  any  impurities  which  might  interfere 
with  the  action  of  the  needle  valve  or  clog  the  small  passages 
leading  to  the  spraying  nozzle. 

The  De  Dion  Float  Carburetter. — The  float  feed  carburetter, 
used  on  the  later  models  of  the  De  Dion  &  Bouton  gasoline  car- 
riages, combines  several  features  in  radical  departure  from  the 
patterns  of  carburetter  already  noticed.  As  shown  in  the  accom- 
panying sectional  plan  and  elevations,  it  consists  of  a  cylindrical 
chamber,  //,  within  which  is  contained  a  float,  C.  This  float  differs 
from  the  kind  used  on  other  carburetters  in  the  fact  that  it  is  con- 
structed out  of  two  annular  cylindrical  shells,  united  by  flanged 
and  soldered  ring  heads.  Its  shape,  with  the  hollow  space  in 
the  centre,  makes  possible  the  construction  allowing  the  mixing 
chamber  to  be  set  in  the  centre  of  the  float  chamber,  the  float  sur- 
rounding it  and  sliding  against  its  cylindrical  walls.  The  supply 
of  gasoline  is  admitted  to  the  float  chamber  through  the  adjust- 
able valve  shown  at  F,  the  opening  and  flow  being  controlled  by 
the  lever,  C,  which,  as  shown,  is  in  a  raised  position,  thus  allow- 
ing the  needle-valve  to  be  closed,  so  long  as  the  weight  of  the 
float  does  not  bear  upon  it.  The  spraying  nozzle  is  located  in 
the  mixing  chamber,  which,  as  already  stated,  is  entirely  sur- 
rounded by  the  ring-shaped  float.  The  gasoline  is  drawn  by  suc- 
tion through  this  nozzle  by  the  air  entering  the  tube,  t,  and  fol- 
lowing the  direction  indicated  by  the  arrow,  marked  i  (one)  in 
the  plan  and  right-hand  sectional  elevation.  As  shown  in  the 
plan,  there  is  also  a  cylindrical  valve,  B,  which  may  be  rotated  by 
the  lever,  /,  attached  to  the  stem  passing  through  the  cover,  if, 
of  the  upper  chamber,  A.  By  this  handle  the  charge  may  be 
throttled  within  the  desired  limits  by  regulating  the  inflow  of  ad- 
ditional air  through  the  tube,  i,  as  indicated  by  the  arrow,  marked 
2  (two)  in  the  plan.  This  carburetter  has  the  advantage  of  com- 
pactness and  simplicity  of  construction.  Another  form  of  float 
feed  carburetter  used  on  De  Dion  carriages  is  shown  in  Fig. 
282.     It  assimilates  the  common  patterns. 
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Tbe  Huzelstein  Valve  Carburetter. — From  the  earliest  days 
of  the  use  of  liquid  fuels  for  explosive  engines,  numerous  in- 
ventors have  produced  designs  of  carburetters  or  vaporizers  that 
operate  without  the  compHcations  of  a  float  chamber  and  needle- 
valve,  whose  opening  is  regulated  by  the  level  of  the  gasoline 
contained  therein.    One  of  the  most  typical  devices  of  this  de- 


lo.  SIB.— The  Huielalcin  Carburetter.    A  la  the  Intat  for  ga»1lno:  B,  the  TalVB  cxiiiirc 
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scription  is  the  Huzelstein,  or  "Universal,"  carburetter,  shown  in 
an  accompanying  illustration.  It  consists  of  a  vertical  cylindrical 
chamber,  within  which  is  a  valve  controlled  by  a  helical  spring 
and  hung  on  a  spindle,  the  upper  end  of  which  forms  a  needle- 
valve,  closing  the  inlet  port  for  liquid  gasoline,  bhown  at  the  ton 
of  the  cylindrical  chamber.    The  gasoline  from  the  supply  tank 
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is  fed  through  a  tube.  A,  leading  to  this  chamber  and  having  Us 
rate  of  supply  regulated  by  a  needle-valve  carried  at  the  end  of 
an  adjustable  screw  shank,  upon  the  upper  end  of  which  is  the 
handle,  B.  Connection  with  the  interior  of  the  main  cylindrical 
chamber  and  the  combustion  space  of  the  cylinder  is  had  by  the 
tube,  C.  The  tube,  D,  is  also  connected  with  the  combustion 
space  so  as  to  permit  the  heated  products  of  combustion  to  cir- 
culate through  the  jacket  or  passage  around  the  upper  part  of  the 
mixing  chamber  above  the  valve.  The  suction  of  the  piston 
operates  to  open  the  valve,  drawing  it  from  its  seat  and  depress- 
ing the  helical  spring  around  the  lower  portion  of  the  valve  spin- 


Flo.  SIS.— The  Junea  Voire.  B,  fnel  inlet  «alire:  C.  ■prinK  coatrrilllne  B:  D  b  tbe  Ksle 
<IMBliovrinj(pn>portioiunra<ruu]|.'i>williw::  E.iheHhn'l  cntilmlllni;  KaBullnPralire; 
F,  clip  or  lop  for  hulillni;  E  in  pociliiin;  G.  i:a»>line  supply  tube;  H.  sir  Inlet;  I.en- 
rnuiiv  to  ryliniler;  J,  pntmiii.-e  for  nwillui-:  K.  vorer  of  valvu  diainber;  t.  wbeel 

die.  This  process,  of  course,  opens  the  needle  valve  leading  from 
the  gasoline  feed  pipe  and  permits  the  inflow  of  a  small  quantity 
of  liquid  gasoline.  This  is  mi.xed  with  the  air  drawn  through  the 
opening  indicated  by  the  arrows  at  the  top  of  the  chamber,  the 
process  of  mixing  being  perfected  by  the  heat  of  the  vapors  pass- 
ing through  the  tubt.  Z>,  and  around  the  chamber  in  connection 
with  it;  also,  by  the  friction  experienced  in  passing  through  the 
narrow  clearances  between  the  open  valve  and  its  seat.  Between 
the  periodic  suction  strokes  of  the  piston,  the  air  in  the  upper 
portion  of  the  mixing  chamber  above  the  valve  is  made  to  ab- 
sorb some  of  the  heat  circulating  around  it,  and  hence,  according 
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to  the  theory  of  the  inventor,  is  better  prepared  to  mix  perfectly 
with  the  gasoline  mist.  This  carburetter  has  seen  considerable 
use  in  France  and  some  other  European  countries. 

The  James-Lunkenheimer  Valve. — Several  well-known  makes 
of  American  carburetters  are  constructed  to  operate  along  the 
same  general  lines  as  the  Huzelstein,  and,  like  the  majority  of 
American  improvements  in  motor  vehicle  construction,  have  the 
advantage  of  greater  simplicity,  strength  and  compactness. 
Among  these  we  may  mention  the  James  mixing  valve,  shown 
herewith.  This  device  consists  of  a  globular  valve  chamber  hav- 
ing three  openings  or  vents,  H,  /  and  /.  As  shown  in  the  sec- 
tional view,  the  opening^_//^  is  closed  by  the  mushroom  valve,  B, 
under  tension  of  the  spring,  C  The  passage,  /,  is  connected  di- 
rect to  the  combustion  chamber  of  the  cylinder,  and  at  the  suc- 
tion stroke  of  the  piston,  the  air  is  drawn  through  the  tube,  //, 
its  pressure  causing  the  valve,  j5,  to  rise  from  its  seat.  The  air 
drawn  through  the  passage,  //,  also  draws  as  spray  a  small  por- 
tion of  liquid  gasoline  through  the  tube,  G,  which  connects 
through  the  passage,  /,  with  the  gasoline  supply  tank ;  thus  se- 
curing a  very  good  fuel  mixture,  according  as  the  play  of  the 
valve,  B,  and  the  opening  of  the  tube,  G,  are  adjusted.  The 
proportionate  amount  of  gasoline  fed  into  the  cylinder  through 
the  passage,  /,  of  the  tube,  G,  is  controlled  by  a  needle-valve  car- 
ried on  the  spindle  at  the  hand-wheel,  £,  the  proportionate  open- 
ing of  the  valve  being  indicated  on  the  graduated  disc,  D,  by  the 
position  of  the  clip,  F .  The  play  of  the  valve  is  also  regulated 
by  the  position  of  the  spindle  carried  on  the  hand-wheel,  L,  which 
is  threaded  so  as  to  be  raised  or  lowered  as  required.  Mixing 
valves  of  this  description  have  been  adopted  on  several  makes  of 
American  gasoline  carriages,  notably  the  Winton,  with  appar- 
ently favorable  results. 

The  Improved  Filtering;  Carburetter. — Another  interesting 
carburetting  device,  also  of  American  design,  and  known  as  the 
"Auto  Carburetter,"  is  shown  in  an  accompanying  illustration. 
Here  connection  to  the  gasoline  supply  tank  is  had  by  port,  /?. 
leading  into  a  simple  globular  chamber,  through  which 
IS  fixed  the  spindle  of  an  adjustable  needle-valve,  con- 
trolling    the     entrance     to     the     cylindrical     chamber,      K, 
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within  which  are  fixed,  at  a  slight  incline,  eight  serai- 
circular  pieces  of  wire-gauze.  The  gasoline,  admitted  through 
the  opening  of  the  needle-valve,  drips  upon  these  pieces 
of  gauze,  any  overflow  from  one  falling  to  that  next  below  it,  so 
that  the  air  drawn  through  the  ports,  C,  opening  into  the  top  of 


Fib.  SaO-  The  "  Auto  "  Carburetter.     A,  wheel  controUtnir  noedit 


heel  controUlQE  nsedle  Talre;    B,  naollne 
Q.  pipe  to  rylin<l>:r;  H.  drip  cock;  K.  inoer 


the  cylinder,  becomes  thoroughly  charged  with  gasoline  mist  be- 
fore reaching  the  bottom,  connection  being  made  with  the  com- 
bustion spaci'  of  the  cylinder  through  the  tube,  G,  which  connects 
direct  wilh  another  larger  cylinder  placed  outside  of  the  first. 
The  air  is  drawn  throuHi  the  layers  of  gauze  down  through  the 
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inner  cylinder  to  its  bottom,  then  up  and  around  it.  The  open- 
ing of  the  gasoline  inlet  tube,  G,  is  controlled  by  a  cock,  F ,  on  tiie 
rod, is,  so  that  the  amount  of  mixture  may  be  varied  or  the  tube 
entirely  closed.  Ihe  drain  cock,  H,  is  fixed  at  the  base  of  the 
outer  cylinder,  so  as  to  carry  off  any  leakage  of  gasoline  or  un- 
vaporized  residue  that  might  collect  within  it. 

Supplemental  Mixing  Chambers  — Many  of  the  earlier  types 
of  explosive  motors  for  vehicle  use  were  equipped  with  a  mixing 
chamber  in  addition  to  the  carburetting  device.  This  mixing 
chamber  in  its  typical  construction,  as  used  on  the  Benz  car- 
riages and  some  of  the  Daimlers,  consisted  of  two  tubes  tele- 
scoped together,  the  inner  one  of  which  had  longitudinal  open- 
ings, so  that,  the  further  it  was  pulled  out  from  the  outer  tube, 
the  larger  the  amount  of  air  that  was  admitted  with  the  carburet- 
ted  mixture  under  the  suction  of  the  piston.  To  diminish  the 
air  supply,  the  same  tube  was  pushed  in.  However,  in  later  en- 
gines of  the  four-cycle  type,  the  practice  of  drawing  in  atmos- 
pheric air,  in  addition  to  that  coming  through  the  carburetter, 
has  been  abandoned,  and  carburetters  are  now  constructed,  as  we 
have  seen,  with  air  and  gasoline  inlet  valves  that  may  be  adjusted 
so  as  to  vary  the  proportions  of  the  mixture  passing  through  the 
instrument.  There  is  thus  but  one  inlet  valve  to  the  cylinder,  and 
that  is  used  solely  for  admitting  the  regulated  fuel  mixture  from 
the  carburetter. 

Troubles  With  Carburetters. — Under  ordinary  circumstances, 
as  in  summer  or  in  dry  weather,  the  process  of  carburetting  the 
liquid  fuel,  so  as  to  form  a  mist  or  vapor,  suitable  for  explosion 
in  the  cylinder,  is  very  readily  perfected  with  mineral  spirit  of 
the  proper  quality.  It  has  been  found,  however,  that  cold  and 
damp  weather  are  apt  to  materially  reduce  the  volatility  of  the 
liquid,  with  the  result  that  the  power  efficiency  of  the  motor  is 
oftentimes  reduced  nearly  one-half.  In  order  to  partially  combat 
this  difficulty,  numerous  motor  carriagfe  builders,  both  in  Amer- 
ica and  abroad,  have  arranjefed  to  place  the  carburetting  device  in 
or  near  the  muffier,  so  that  the  heat  of  the  exhausted  residua  of 
combustion  may  act  to  promote  the  carburettization  of  the  fuel 
and,  as  far  as  possible,  neutralize  the  ill  effects  due  to  unfavorable 
weather  or  temperature.    The  device  is  a  desirable  feature  under 
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any  circumstances;  since,  as  has  been  recognized  by  numerous 
inventors,  heat  materially  helps  the  process  of  vaporizing — heated 
air  will  absorb  the  vapor  of  gasoline  much  more  readily  than 
cold  air;  also  heat  will  ensure  the  best  possible  results,  even  with 
the  use  of  the  poorer  qualities  of  liquid  fuel. 

Kerosene  Vaporizers. — Although  for  numerous  reasons,  such 
as  its  stench,  dirtiness  and  inferior  vaporizing  qualities,  kerosene 
has  been  used  successfully  in  but  few  explosive  engines,  pro- 
pelling motor  carriages,  the  few  employing  it  as  fuel  have  em- 
bodied with  the  vaporizing  device  certain  facilities  for  so  preheat- 


ing the  liquid  that  the  mist  formed  by  the  injection  of  air,  under 
suction  of  the  engine  piston,  is  rendered  as  rich  as  possible.  This 
provision  is  in  obedience  to  the  quality  of  kerosene,  which  ren- 
ders it  much  more  readily  volatile  when  heated  than  when  cold — 
for,  although  many  qualities  of  this  oil  have  the  "flash  point,"  at 
which  inflammable  vapors  are  given  off,  at  a  very  low  tempera- 
ture, the  process  is  greatly  facilitated  at  higher  temperatures, 
when  also  many  of  the  heavier  constituent  elements  may  be  taken 
up,  as  mist,  by  the  air  passing  tiirongh.  or  over,  the  liquid. 
A  kerosene  vaporizing  device  is  shown  in  an  accompanying 
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cut,  which  exhibits  the  construction  to  advantage.  Upon  the 
inlet  valve  chamber  of  the  cylinder,  and  around  the  hot  tube  ig- 
niter opening  into  it,  is  set  a  metal  chimney  having  an  annular 
channel  -or  jacket  between  its  walls  and  entirely  around  its  cir- 
cumference. Into  this  jacket  the  oil,  dripping  from  a  small  tube 
into  a  funnel  at  the  upper  right-hand  of  the  figure,  enters  with 
air,  also  drawn  into  the  funnel  by  piston  suction;  both  flowing 
around  through  the  jacket  space,  which  is  heated  by  the  flame 
employed  to  keep  the  hot  tube  incandescent.  The  heat,  acting 
on  the  oil  and  air,  serves  to  break  up  the  former  into  a  mist, 
which  is  carried,  through  the  channel  at  the  left-hand  lower  por- 
tion of  the  annular  jacket,  to  the  chamber  directly  behind  the  in-  . 
let  valve,  as  shown.  At  the  suction  stroke  of  the  piston,  the  oil 
and  air  mist  is  drawn  into  the  cylinder  clearance,  together  with 
additional  air  coming  through  the  tube  shown  at  the  lower  left- 
hand  corner  of  the  figure.  The  proportions  of  the  additional  air 
supply  being  adjusted,  as  desired,  the  expiodabllity  and  power  of 
the  charge  may  be  regulated  to  power  and  speed  requirements. 


Fio.  aa.— A^i-picill  Float  Feci 
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CHAPTER   THIRTY. 

ON    THE    SEVERAL    METHODS    OF    FIRING    THE    CHARGE     IN 

A  GAS  ENGINE   CYLINDER. 

Firing  tlie  Cliarge  in  Cylinder. — As  already  stated  in  a 
previous  section,  the  fuel  mixture  of  air  and  gas,  after  it  has  been 
drawn  into  the  combustion  chamber  of  the  cylinder,  is  ignited 
explosively,  thus  being  compelled  to  assume  its  maximum  vol- 
ume, by  some  source  of  heat  which  acts  periodically.  As  also 
mentioned,  there  are  several  methods  of  accomplishing  this  re- 
sult; several  of  them  depending  for  operation  upon  the  act  of 
compressing  the  charge. 

Firing  tlie  Cliarge  by  Heat  of  Compression. — In  the  Diesel 
four-cycle  engine,  the  explosion  of  the  charge  is  accomplished 
entirely  by  the  temperature  produced  by  the  compression  stroke. 
At  the  suction  stroke  of  the  piston,  pure  atmospheric  air  is  ad- 
mitted to  the  combustion  chamber,  and  at  the  completion  of  the 
compression  stroke,  which  in  this  engine  extends  all  the  way 
to  the  rear  head  of  the  cylinder,  it  is  compressed  to  about  550 
pounds  to  the  square  inch,  which  produces  a  temperature  about 
equal  to  the  heat  of  combustion.  Very  shortly  after  the  begin- 
ning of  the  next  out-stroke  the  fuel  charge,  which  may  be  gaso- 
line vapor,  coal  gas  or  atomized  oil,  is  forced  into  the  combus- 
tion chamber  under  the  still  higher  pressure:  the  result  is  that 
its  temperature,  due  to  compression  in  an  auxiliary  cylinder 
prepared  for  that  purpose,  is  already  sufficient  to  ignite  it  explo- 
sively, and  this  result  follows  immediately  it  comes  into  contact 
with  the  oxygen  of  the  air  contained  within  the  clearance  of  the 
cylinder.  By  the  return  stroke  of  the  piston,  the  burned-out 
gases  are  entirely  swept  from  the  cylinder.  While,  according 
to  authorities,  the  operation  of  the  Diesel  motor  is  very  satis- 
factory in  practice,  the  fact  that  it  requires  an  auxiliary  cylinder 
to  compress  the  fuel  gas  to  a  very  high  degree  effectually  pre- 
cludes its  use  for  purposes  such  as  motor  vehicles,  where  all  the 
available  power  is  desirable  for  locomotion.  It  would  also  be 
quite  impossible  to  operate  it  successfully  without  such  press - 
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ure,  or  with  fuel  mixtures  produced  by  any  other  form  of  car- 
buretting  device  as  above  described. 

Firing  the  Charge  by  Hot  Head. — Another  method  of  ignit- 
ing the  cylinder  charge  by  hot  walls  and  a  temperature  main- 
tained by  the  act  of  compression  is  that  used  in  connection  with 
the  Hornsby-Akroyd  engine,  already  noticed.    In  this  engine, 


Fio.KS.— Diagram  of  (he  Hornaby-Akroyd  iKtiiUon  Syntem.  At  the  oniJ  of  the  cylinder 
Is  a  box,  or  chamtH-r,  cannectfid  to  11  by  a  narrow  aeck.  During  the  suction  alroke. 
shown  Id  the  Hrai  Hki"*.  air  is  drawn  Into  the  cylinder  and  oil  Bprayed  Into  the  hot 

the  rear  end  of  the  cylinder  is  connected  by  a  narrow  passage 
with  the  closed  chamber,  whose  general  construction  has  been 
compared  to  a  bottle  or  jug  with  a  shortened  neck;  into  this 
chamber  also,  at  some  convenient  point,  extends  a  vaporizing 
nozzle  which  is  in  connection  with  the  source  of  liquid  fuel  sup- 
ply. On  starting  the  engine,  the  first  act  is  to  heat  this  hot 
chamber  with  a  suit;:ble  torch,  so  as  to  bring  it  to  the  tempera- 
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ture  required  for  exploding  the  charge.  On  the  suction  stroke 
of  the  piston,  air  is  drawn  into  the  combustion  chamber  of  the 
cvlinder  through  the  ordinary  poppet  valve  opening  direct  to 
atmosphere.  At  the  same  time,  also,  oil  spray  is  forced  through 
the  atomizing  nozzle  directly  into  the  hot  chamber,  where,  al- 
though the  temperature  is  fully  sufficient  to  produce  ignition, 
there  is  an  insufficient  quantity  of  oxygen  to  accomplish  this 
result  prematurely.    The  return  stroke  of  the  piston,  compress- 


Fra.  att.— Rools'  Kcroaene  Oil  UoU>r  tor  Vehicle  U».    SccXonal  view  ■bowing  the  hot 

chamber  Hurrciundinj;  the  chimney  of  the  hot  tube,  D.  The  eccentric,  H,  on  the  chid 
aliaft  actuates  the  eibaiiHt  valve.  P,  helil  In  place  by  the  Bprlog,  L.  &t  the  same 
line  moving  the  link,  K.  vrhich  opens  a.  valve  conlatned  hi  H,  alloirtne  a  small 
amount  of  oil  to  be  Bprayed  ihroueli  Iho  lubea,  E.  F,  O,  Into  the  circulating  chambers 
conlaJnea  around  the  hot  tube,  D.  aa  shown  at  B.  The  oil  circulating  around  the 
healed  space  Is  transformed  Into  vapor,  which  b  fed  Into  the  channel.  C.  behind  the 
Inlet  valve,  O,  which  is  opened  bv  comprcBnlon  of  its  sprinB  at  the  suction  stroke. 
The  valve,  R.  controlled  by  an  adjuslable  comprcxBlon  spring,  also  admits  sufficient 
air  Into  the  cylinder  to  give  a  mixture  of  the  required  proportion.  The  rediprooftllng 
pai^  are  the  piston,  S,  the  connectiiic  rod  Joined  by  a  strap.  T,  to  the  crank  pin, 
opposite  to  which  Is  the  balance  weight,  N.  This  section  very  well  illustnites  the 
worklDBs  of  the  type  of  explosive  motor  UBlng  hot  lube  ignition. 

ing  the  air  contained  in  the  cylinder  clearance  to  a  very  high 
degree,  forces  a  certain  portion  of  it  through  the  narrow  passage 
connecting  with  the  hot  chamber;  and  ignition  immediately  be- 
gins, the  burning  gases  expanding  and  rushing  into  the  cyl- 
inder during  the  succeeding  out-stroke  until  the  maximum  vol- 
ume is  reached.  After  the  engine  has  laken  up  its  cycle,  the 
temperature  within  the  hot  chamber  is  constantly  maintained 
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by  the  succession  of  explosive  ignitions  at  high  pressure,  in 
precisely  the  same  fashion  as  that  already  described  in  connec- 
tion with  the  Diesel  engine ;  the  external  source  of  heat  being 
then,  of  course,  withdrawn. 

Firing  the  Charge  by  Naked  Flame. — The  hot  head  igni- 
tion system  has  been  used  very  little,  if  at  all,  in  connection  with 
engines  using  mineral  spirits  as  fuel.     It  is  also  a  comparatively 


Fra.sas.— A  Hot  Tube  lenller.  Willi  a  Geared  TliiiinE  iltachmon)  forReiiilatin([  the  Point 
or  Firing,  O  lathe  hot  tubrciicloHed  with  aeyllnilncal  cuse  having  a  perrorateil  cap, 
H.  at  tlie  top.  The  heat  of  the  tube  1b  malntaliieij  by  a,  gim  Dame  within  the  cyhn- 
drii:iLl  '^ase.  The  link,  B.  operates  the  leven,  A  ami  D,  so  as  to  open  the  ralve,  E. 
which  Ir  normally  held  cloecd  by  the  spring.  C,  bearlne  on  Its  rod  as  shown.  In  apen- 
\ns  the  valvt.  to  the  point  In  the  cycle,  at  which  the  cam  acluatea  the  link,  B,  thus 
comprEHHlng  the  spring,  C.  and  opening  the  valve.  D,  the  Interior  or  the  hot  lube,  G. 
is  brought  Tnto  communication  with  the  eombUHlion  ehambop,  F,  ot  the  cylinder. 
The  time  of  Ignition  may  be  varied  by  adjusting  the  throw  of  ihe  cam,  so  as  to  bring 
the  opening  or  the  valve  E,  to  any  dcntlred  point. 

recent  device,  the  earliest  gas  engines,  as  constructed  by  Otto 
and  his  collaborators,  having  a  separately  supplied  and  con- 
stantly burning  gas  flame,  which  was  periodically  connected  with 
the  combustion  chamber  of  the  cylinder  by  a  peculiarly  con- 
structed slide-valve,  the  explosion  of  the  charge  being  accom- 
plished by  a  certain  portion  of  the  compressed  mixture  coming 
into  contact  with  the  flame.     This  method  operated  very  well  in 


428  SELF-PKOPELLED   VEHICLES, 

many  cases,  but  was  open  to  two  grave  objections,  as  recorded  by 
numerous  authorities.  In  the  first  place,  the  action  of  the  slide- 
valve  was  uncertain  and  very  often  detrimental  to  the  engine, 
since  at  high  temperatures  it  was  liable  either  to  leak  or  to  be- 
come jammed,  owing  to  the  expansion  of  its  own  metal.  In 
the  second  place,  the  best  effect  of  expansion  in  the  burning  fuel 
gas  was  not  always  secured,  since,  in  addition  to  other  difficulties, 
a  large  portion  of  the  compressed  mixture  was  liable  to  escape 
from  the  cylinder. 

Firing  the  Charge  by  Incandescent  Tube. — ^As  a  variation 
of  and  improvement  on  the  above-mentioned  device,  the  hot 
tube  ignition  was  invented,  the  essential  features  of  which  are 
a  tube  of  metal  and  porcelain,  one  end  of  which  is  connected 
direct  with  the  combustion  chamber,  the  other  being  closed. 
Around  and  against  this  tube  the  flame  of  a  separately  supplied 
gas  burner  is  allowed  to  play,  thus  producing  the  required  tem- 
perature for  explosion.  With  some  engines  using  hot  tube 
ignition,  the  connection  with  the  cylinder  is  controlled  by  a  slide- 
valve  in  somewhat  similar  fashion  to  that  used  on  the  Otto  en- 
gine, the  valve  being  positively  operated,  so  as  to  open  and  admit 
the  compressed  mixture  into  the  hot  tube  at  the  proper  point  in 
the  cycle.  With  others,  there  is  no  valve  whatever,  the  act  of 
compression  alone  operating  to  force  the  mixture  into  the  tube 
and  begin  the  process  of  ignition  at  or  shortly  before  the  end 
of  the  compression  stroke.  As  may  be  understood,  however, 
such  an  arrangement  is  liable  to  cause  premature  ignition  under 
certain  conditions,  and  is  inferior  to  a  well-geared  device  for 
timing  the  moment  of  ignition.  Accordingly,  a  "timing  valve," 
positively  operated  from  the  cam-shaft,  has  been  used  with  a 
number  of  gas  engines.  As  shown  in  the  accompanying  illustra- 
tion, the  lever.  A,  attached  to  the  push  rod,  B,  is  raised,  thus 
pulling  out  the  rod,  C,  by  action  of  the  arm,  D,  and  opening  the 
port,  £,  leading  into  the  cylinder  space,  F.  The  compressed 
gases  in  the  cylinder  are  then  admitted  into  the  hot  tube,  G,  sur- 
rounded by  a  gas  flame,  as  shown,  and  the  process  of  ignition 
begins,  spreading  from  the  gas  within  the  tube  into  the  combus- 
tion chamber  of  the  cylinder.  The  valve,  £,  is  held  open  through- 
out the  firing  and  exhaust  strokes  of  the  piston,  so  that  it  may  be 
swept  clean  of  the  burned-out  gases  contained  within  it.    Upon 
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the  completion  of  the  exhaust  stroke  it  is  closed,  and  so  remains 
until,  at  the  predetermined  point  in  the  cycle,  the  push  rod  is 
again  actuated  from  the  cam-shaft. 

Troubles  with  Hot-Tube  Isrnition. — In  most  gasoline  vehicle 
engines  using  the  hot  tube  ignition,  there  is  no  provision,  such 
as  a  geared  timing  valve  of  the  general  description  noted  above. 
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Fio.  82rt.— A  Primary  Spark  Iipiitlon  Circuit,  containing  a  magneto-crenerator,  an  8-celj 
chemical  battery,  and  an  automatic  cut-off  or  relay.  The  chemical  battery  Is  used 
to  supply  the  current  for  producing  the  spark  until  the  magneto-generator  has 
attained  its  required  speed.  At  that  point  the  current  from  the  generator  passing 
through  the  coil  of  the  automatic  switch  is  sufficiently  strong  to  cause  the  magnets 
of  the  relay  to  attract  their  armature  and  cut  the  circuit  of  the  chemical  battery. 
This  circuit  may  also  be  cut  out  at  any  time  desired  with  the  single  point  hand 
switch. 

Consequently,  the  hot  tube  opens  direct  into  the  combustion 
space  of  the  cylinder — being  closed  from  it  at  no  time  in  the 
cycle.  Some  authorities  have  noted  serious  objections  to  the 
hot  tube  ignition  system,  alleging  that,  under  various  conditions, 
it  causes  either  premature  ignition  or  missed  fire,  on  account  of 
the  presence  of  burned-out  gases  within  it.  Under  some  condi' 
tions,  it  is  stated,  the  tube  is  so  filled  from  end  to  end  with  these 
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residua  that  the  charg^e  in  cylinder  cannot  come  into  contact  with 
the  incandescent  walls,  in  order  to  ignite  properly.  Under  other 
circumstances  the  tube  is  clogged  with  dead  gases  from  its  closed 
end  nearly  to  the  cylinder,  and,  when  this  condition  is  coupled 
with  the  fact  that  the  heated  portion  is  too  near  the  entrance, 
premature  ignition  results  before  the  completion  of  the  com- 
pression stroke.  Although  these  results  may  follow  in  a  given 
type  of  engine,  it  is  necessary  to  note  several  things :  i.  The  tube 
should  be  so  constructed  that  the  flame  plays  on  that  portion 
of  its  length  which  has  been  found  to  be  at  most  suitable  dis- 


electrode,  2,  rotated  by  the  i!raiilr.E.  as  inJicaled,  Riven  a  wiping  contact  and  I 

tormiDe  tho  eircuit  ia  connected  at  A  Ihrougli  the  Insulated  plus  screwed  Into  the 
body  oFthe  ignition  chamber;  the  other  is  connected  to  ILemeiaJ  or  the  cliaihber  at 
the  nut,  U.    The  advantage  ur  thU  lurtn  oriparkingdeviccBthatlhe  conslantcoo- 

fncilon  produeea  an  immenBC  wear  fop  tlie  aanie  reason.  An  excellent  form  of 
simple  make  and  break  device  Is  shown  in  conneoiloo  with  the  suction  of  the  Durye& 
cyiluder  In  a  BUCCeeding  chapter. 
FlQ.  MS,— The  Apple  Magnetic  Ignition  Plug  for  Producing  a  Primary  Spark.  The  two 
electrodes,  as  shown,  arc  normally  In  contacl.  the  coil  containwl  within  the  nlindrl- 
cai  shell  or  the  plug  acting  as  a  magnet  to  break  tlie  contm^t  ni  ihe  required  point. 
As  claimed  hy  the  manufacturers,  the  advantages  of  this  device  are  ready  adjust- 
ment and  Impair,  a  ready  cleansing  of  the  conlacta,  and  the  avoidance  of  any  other 
coil  than  is  used  within  the  plug  ilsetf.  The  spark  can  also  be  controlled  from  the 
outride,  the  same  as  with  the  Juinp-bpark  coll.  with  the  combined  advantage  of 
much  greater  aimpliclty  of  parts  and  eircuit  arrangenicDte. 

tance  from  the  opening,  not  risking  the  danger  of  premature 
ignition,  if  it  follows  from  such  a  cause  only.  2.  The  tube  should 
be  heated  to  the  proper  temperature  to  secure  the  best  and  quick- 
est ignition.  3.  The  temperature  being  properly  arranged,  the 
burned-out  gases  should  be  largely  expelled  from  the  tube  by 
their  own  expansion  under  heat.  4.  The  compression  ratio  should 
^e  such  that  the  fuel  charge  may  be  forced  into  the  tube  at  the 
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proper  point,  in  spite  of  and  against  the  expanding  tendency  of 
dead  gases  clogging  its  interior.  With  a  well-made  tube,  a  prop- 
erly adjusted  compression  and  a  powerful  jet  flame,  there  is  no 
reason  for  such  accidents  as  are  above  mentioned.  They  result 
rather  from  faulty  construction  or  bad  management. 

On  Electrical  Is^nition  Systems. — Although  some  of  the  most 
effective  types  of  gas  and  gasoline  engines  still  use  the  hot-tube 
ignition  system,  a  large  majority  of  both  are  equipped  with  some 
form  of  electric-sparking  device.  Although  there  are  numerous 
objections  also  to  this  method,  it  has  the  advantages  of  providing 
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Fio.  829.— Diagram  of  a  Primarv  Spark  Circuit,  equipped  with  a  Dynamo  and  Storage 
Battery.  Tlie  dynamo  may  be  used  to  sparlc  the  engine  and  supply  the  battery  at 
the  sanie  tithe,  or  to  perform  ttie  former  function  exclusively.  The  battery  is 
charged  when  the  switch  between  it  and  the  d^'namo  is  thrown  in,  if  the  other  switch 
is  connected  at  the  point  marked  *'  dynamo  ^^  m  the  cut.  As  is  obvious  from  the  cut, 
tiie  dynamo  may  be  cut  out  altogether,  allowing  the  storage  battery  to  supply  cur- 
rent -for  sparking  purposes.  When  both  switches  are  in,  the  storage  battery  will 
supply  current  for  sparking,  until  the  dynamo  has  attained  it«  full  speed. 

an  entirely  intermittent  source  of  ignition,  and  of  being  much 
more  flexible  than  any  constantly  existing  source  of  heat,  such 
as  found  in  hot  walls  or  tubes,  thus  being  susceptible  of  a  nearly 
perfectly  timed  ignition.  The  electric-sparking  system,  of  course, 
requires  some  separate  source  of  electrical  energy,  such  as  a  bat- 
tery of  galvanic  cells,  a  small  dynamo,  or  a  magneto-generator. 
The  current  thus  generated  is  used  to  produce  a  spark,  either 
from  a  primary  or  a  secondary  circuit;  the  former  containing 
the  ordinary  reactance  coil  and  producing  a  low-tension  spark, 
from  either  a  wiping  or  a  breaking  contact ;  the  latter  containing 
an  induction  coil  and  producing  a  high-tension  spark  between 
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slightly  separated  terminal  points.  The  latter  variety  is  com- 
monly known  as  the  "jump-spark."  The  sparks  of  both  varieties 
are  successfully  used  in  motor  carriages,  although  the  high-ten- 
sion circuit  and  the  jump  spark  seems  to  be  most  usual  on  motor 
vehicles. 

Typical   Methods   for    Producing  a   Primary    Spark — The 

spark  produced  from  a  primary  circuit,  with  either  wiping  elec- 
trodes or  break  contact,  is  due  to  the  effort  of  the  self-induced 


"  JumitSpark  PIuk  For  use  in  Vehicle  Hotors.    As  shown  in  Ihe 
,  the  plUBcotiBlstaof  twocs»enIiaJpari9;  the  shell  having  ft  ilircail 

larking  circuit  as  shown.    Tlirough  the  Inside  of  the  shell  is  a. 


lermlnal  or  cbe  sparking  circuit  as  shown.  Tlirough  the 
tapered  hole,  in  niiich  an  insululeil  cone  »  lltted  pas  tight.  ThrouEh  tt 
is  Inserteil  the  other  terminal  or  the  circuit,  which  Is  a  metal  knob.  T 
tncal  contact  with  the  wire  screwed  to  the  bindini;  post  at  the  end  ot 
tube.    The  other  l«nnliml  la  connected  to  the  metal  of  the  cylinder. 


'  Indestructible  BparkinR  Plug.    Like  the  one  Just  shown,  this  plug 

ri«i  ...i..^-  <i...  ..1...II  earryinj^  one  electrode,  wi  ich  screws  into  the 

_. J imposed  of  mica,  through  which  runs  the  other 

terminal,  the  two  beiiw  joined  togi^ther  by  screw  connections  as  shown.     The 
superior  advantages  of  mica  Insulation,  as  claimed  by  Ihe  inunuract-urerB,  are  that 

plug  made  of  porcelain  or  other  subHlance  liable  to  be  Directed  by  heat  and  aJlow 
sborl^ircuiting  of  tbe  sparking  current, 

current  in  the  magnetic  coil — which  is  superimposed  on  and  oc- 
casioned by  the  battery  current — to  continue  the  flow  of  current 
in  spite  of  the  break  in  the  circuit.  The  spark  device  shown  in  an 
accompanying  figure  is  typical.  As  there  shown,  there  are  two 
electrodes,  .Y  and  Y ,  the  latter  of  which  is  set  in  an  insulating 
plug,  which  is  screwed  into  the  wall  of  the  combustion  space, 
electrical  connection  being  made  by  the  wire  shown  at  T).  The 
other  electrode.  A*,  is  here  represented  as  a  rotating  spindle,  de- 
riving its  motion  from  the  link  and  small  crank  shown  at  £,  and 
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Fio,  Sn.— tHaitraiii  at  the  De  DIoD  Jumi^p&rk  Ignition  Clrcott.    A  teabatterj  ol  Ut 

uella,  one  pole  ol  which  Is  connected,  aa  shown,  to  the  tubular  frame  or  the  carrlai 
at  the  point.  N,  the  circuit  being  thus  completed  through  the  steel  framework 
binding  pan,  L,  on  the  circuit  brealier^  thui,  the  chvult  u  made  by  the  coma 
of  the  trembler.  T,  with  the  polDt  ot  the  screw.  D.  on  the  poet,  V,  through  bindli 
poet.  K  to  H.  thus  through  the  primary  winding  of  the  Induction  coll  and  lo  il 
opposite  pole  of  the  battery.  The  Bceondanr  circuit  joined  to  one  pole  ot  the  co 
(Imser.  D,  la  connected  to  one  end  of  the  sparKlng  pluR.  P,  the  other,  being  groundi 
totheframe.mmplctes  the  circuit  by  the  meuJlic  contact!  wilh  the  body  ot  tl 
motor,  aa  Indicated  by  the  dotted  line. 
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forming  the  other  terminal  of  the  circuit,  through  the  wire  con- 
nected to  the  nut,  M.  On  the  end  of  the  terminal,  F,  is  a  resilient 
spring  of  platinum,  which  forms  a  contact  with  the  electrode, 
X,  and  enables  a  spark  to  be  formed  whenever  the  contact  is 
broken  by  its  rotation.  This  method  of  periodically  breaking 
the  contact  is  so  varied  in  several  types  of  gas  engine  that  the 
simple  make  and  break  device,  positively  operated,  is  substituted, 
for  the  wiping  contact  of  the  rotating  electrode.  The  advan- 
tages of  the  wiping  contact  are  that  the  surfaces  of  the  electrodes 
are  constantly  wiped  clean  of  any  impurities  produced  by  the 
combustion  of  the  fuel  charge  in  the  cylinder.  It  has,  however, 
an  even  greater  disadvantage  involved  in  the  enormous  wear  of 
the  small  points  due  to  constant  friction.  The  simpler  make  and 
break  device,  on  the  other  hand,  while  producing  quite  as  good 
a  spark,  permits  no  really  reliable  method  of  preventing  the  de- 
posit of  carbonized  particles,  which  weaken  and  eventually  choke 
the  spark.  The  spark  coil  used  with  this  method  of  ignition 
consists  of  a  long  core  wound  with  a  considerable  length  of  low- 
resistance  copper  wire;  the  length  of  the  core  and  the  number 
of  turns  of  the  insulated  winding  determining  the  efficiency  of 
the  coil.  Among  the  best  known  makes  of  American  gasoline 
carriages  using  the  primary  spark  may  be  mentioned  the  Duryea 
and  Haynes-Apperson. 

Properties  of  the  Jump-Sfmrk. — With  the  jump-spark  pro- 
duced from  a  secondary  circuit,  there  are  no  movements  of  the 
electrodes,  the  primary  circuit  being  periodically  broken  by  a 
positively  operated  circuit-breaker,  which  thus  produces  an  in- 
termittent current  of  varying  intensity  in  the  secondary.  The 
electrodes  are  usually  contained  in  a  device  known  as  a  sparking- 
plug,  in  which  they  are  perfectly  insulated  from  one  another,  by 
the  use  of  lava,  porcelain,  mica  or  other  suitable  substance;  the 
lava  or  mica  insulation  being  generally  considered  the  most  ser- 
viceable. The  most  common  objection  to  the  use  of  the  jump- 
spark  is  found  in  the  fact  that  particles  of  carbon  dust,  produced 
by  the  combustion  of  the  fuel  charge,  are  apt  to  be  deposited  be- 
tween the  small  contact  points  of  the  electrodes,  thus  preventing 
the  formation  of  a  spark,  by  filling  up  the  break  in  the  circuit. 
Various  constructions  have  been  adopted  for  increasing  the  effi- 
ciency of  the  jump-spark,  most  of  them  embodying  the  theory 
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that  an  electrical  discharge  takes  place  most  readily  and  with 
greater  effect  in  the  line  of  producing  an  extensive  and  powerful 
spark,  when  a  finely  pointed  terminal,  carrying  a  current  of  high 


Fro.  SM,— The  Dc  Dion 


saker.    The  parU 
oted  ia  Eig.  31 


potential,  is  approached  to  a  cylindrical,  semi-circular  or  plain 
surface  connected  to  the  ground.  For  this  reason  some  of  the 
most  highly  recommended  sparking-plugs,  instead  of  having  two 
6nely  pointed  electrodes,  separated  by  such  a  small  distance  as 
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from  1-32  to  1-16  inch,  have  one  such  finely  pointed  terminal, 
opposed  to  a  cylindrical  ur  conical  surface,  of  considerably  larger 
dimensions.  It  is  also  claimed  that  such  a  construction  reduces 
the  danger  of  carbon  deposits,  from  the  fact  that  the  electrical 
energy  is  dispersed  through  a  much  more  extended  area. 

The  De  Dion  &  Bouton  Jump-Spark  Circuit. — Very  nearly 
the  typical  arrangement  for  the  high-tension  jump-spark  circuit 
is  that  used  on  the  De  Dion  &  Bouton  carriages.  The  general 
plan  of  the  connections  is  shown  in  an  accompanying  diagram, 
where,  as  may  be  seen,  the  current  produced  by  a  chemical  bat- 
tery is  passed  through  the  primary  winding  of  the  induction  coil. 


(.— A  TypicBl  Juinp.Spark  Circuit  Induotloo  Cnil-Ihe '■American'  Doubte  Tep- 
lal  Coll.  Thix  coil,  which  Uonn  of  the  most  cITi^clive  in  use.  hwadouble  wouiia 
Budaj)'  with  sjjarklnK  i-oiitnoiB  tor  two  Jump-i-iiark  piuK».  Aui-ordlntt  to  the 
nufacturer*,  whi^re  two  plUKs  arc  reqnirKil  to  tpurk  tlniiiitaneuusly,  ihe  bet 


encioe  ijcnltioi 


■ni«l  gives,  aucunliiiKtv  claims,  (he  Hlrongpst  pusHlble  e 


the  circuit  being  periodically  broken  by  a  vibrating  trembler  or 
contact  breaker,  the  details  of  which  are  also  given.  The  pri- 
mary battery  consists  of  several  "open-circuit"  dry  cells  of  or- 
dinary, description,  connected  in  series,  the  combination  approxi- 
mating five  volts.  The  general  connections  of  the  primary  cir- 
cuit, as  shown  in  the  diagram,  are  as  follows:  the  positive  or 
carbon  pole  is  connected  to  the  primary  winding  of  the  induc- 
tion coil,  the  opposite  terminal  of  which  is  connected  to  the 
lower  of  the  two  binding  screws  attached  to  the  vulcanite  base  of 
the  contact  breaker.  The  negative  or  zinc  pole  of  the  battery 
is  connected  to  ground,  as  shown  in  the  diagram,  by  contact  with 
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the  metal  of  the  motor  cylinder,  the  circuit  being  completed  by 
a  wire  connecting  with  llic  upper  binding  post  on  the  contact 
breaker.  The  operation  of  this  contact  breaker  is  obvious.  It 
consists  of  a  positively  operated  cam,  C,  which  is  of  round  con- 
tour except  for  an  irregular  sector-shaped  notch  in  its  circum- 
ference, which  allows  the  point  of  the  trembler,  T,  to  drop  at  a 
certain  point  of  its  rotation,  thus  making  contact  with  the 
trembler  spring,  which  is  connected,  through  the  terminal,  B, 
and  the  upper  binding  post  on  the  base  of  the  apparatus,  with 


FiQ,  ns.~Tfae  "Dyke"  Coulaet  Drcaker,  shown  in  plan  and  purl  vgrllcal  aeccion. 
Unlike  the  De  Dion  •■ODlact  brt-sker,  the  cum.  A,  hoa  no  notch,  but  is  Uuttened  at 
one  point  on  lt»  clruumferem^i',  bu  thut  iha  trembler  spring.  C,  is  pertodlCftllv  brouBhi 
Into ^lOCl  witli  the  other  terminal  of  the  circuit  with  tlic  iDrDlmum  of  Veu  InJ 
■bock.  Tbe  advantages  c:lHJme(l  for  thbidevicre  are  const^uent  superior  durabiUly 
and  quit«  as  good  effeut  in  making  and  breaking  primary  circuit. 

the  negative  pole  of  the  battery,  and  the  screw,  d,  which  is  con- 
nected through  the  lower  binding  post  with  the  positive  pole  of 
the  battery,  as  already  explained.  By  this  means,  the  circuit 
being  periodically  broken,  a  powerful  high-tension  current  is 
produced  in  the  secondary  winding  of  the  induction  coil,  one 
terminal  of  which  is  connected  with  the  insulated  portion  of  the 
sparking  plug,  the  other  with  the  metal  of  the  cylinder;  the 
spark  being  produced  between  the  terminal  contacts  of  the  plug 
at  every  interruption  of  the  primary  current.     By  this  arrange- 


4^8 


SELF'PKOPELLED    VEHICLES. 


ment  of  the  circuit,  as  has  been  asserted,  the  electrical  potential 
of  the  secondary  circuit,  and  therefore  of  the  grounded  point  of 
the  sparking  plug,  are  reduced  to  the  lowest  value,  the  negative 
terminal  of  the  battery  affording  a  constant  dead  ground  at  a 


Fio.  836.— The  Benz  Jump-Spark  Circuit.  Unlilce  the  De  Dion  system  just  described,  both 
the  primary  and  secondary  circuits  are  carried  by  visible  leads,  no  part  of  either 
bein{|^  grounded  to  the  frame.  The  circuit  emergmg  from  the  positiye  pole  of  the 
battery  passes  through  wire,  A,  to  binding  post,  A'  on  the  coil,  to  one  contact  at  B  of 
the  trembler,  C,  thence  through  C  and  D  to  the  primary  winding  of  the  coil;  then 
through  a  and  d  through  the  condenser,  Q.  Tiie  other  terminal  of  the  primary 
winding  emerges  from  binding  post,  E',  passing  over  lead  wire,  E,  to  sleeve,  M,  of  the 
rotary  cam,  O.  The  sleeve,  M,  is  in  electrical  contact  with  the  metallic  section,  H, 
on  the  circumference  of  the  cam,  being  turned  on  the  spindle,  F,  so  as  to  periodically 
make  contact  with  the  head,  K,  of  the  trembler  spring,  L.  'Hie  secondarv  circuit  £• 
completed  through  lead  wires,  R  and  S,  to  the  two  terminals  of  the  plug,  T. 

much  lower  potential  than  may  even  be  found  in  the  metal  base 
of  the  machine  as  a  whole.  On  the  closing  of  the  primary  cir- 
cuit through  the  contact  spring,  as  already  described,  the  cur- 
rent of  the  primary  winding  of  the  induction  coil  rises  rapidly 
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to  its  full  value  against  the  opposing  self-induced  current 
generated  in  the  coil  and  establishing  a  powerful  magnetic  field, 
whose  lines  of  force  intersect  the  plane  of  the  convolutions  in 
the  secondary  circuit,  creating  therein,  during  the  brief  period 
when  the  battery  current  is  flowing,  a  constantly  increasing  dif- 
ference of  electrical  pressure  between  the  grounded  secondary 
terminal  and  the  opposed  extremity  of  the  same  winding.  The 
difference  of  electrical  pressure,  resulting  from  the  increasing 
density  of  the  magnetic  field,  is  not  great  enough,  however,  to 
cause  a  spark  discharge  between  the  sparking  points  of  the  plug, 
owing  to  the  fact  that  the  range  of  change  in  the  density  of  the 
magnetic  field  is  retarded  by  the  self-induction  of  the  primary 
circuit  opposing  the  rapid  flow  of  the  battery  current.  A  con- 
denser is  therefore  used,  one  pole  of  which  is  connected  to  the 
primary  terminal,  wired  to  the  lower  binding  post  of  the  contact 
breaker  and  thus  to  the  screw,  -D,  already  mentioned,  the  other 
being  connected  to  the  grounded  terminal  of  the  secondary  cir- 
cuit. By  this  means  the  magnetic  field  produced  in  the  primary 
winding  of  the  coil  is  almost  instantly  destroyed  whenever  the 
battery  circuit  is  broken.  Thus,  it  is  possible  to  obtain  a  high 
speed  rate  in  alternately  making  and  breaking  the  primary  cir- 
cuit, while  at  the  same  time  maintaining  a  secondary  current 
of  sufficient  potential  to  produce  a  powerful  spark  without  in- 
terference from  the  self-induced  current  produced  in  the  primary 
winding  of  the  coil.  The  action  of  the  condenser  in  this  system 
is  well  expressed  in  the  words  of  a  noted  authority  as  "a  heap- 
ing up  of  electrical  pressure  at  the  end  of  the  wire  of  the  primary 
circuit,  to  which  it  is  attached,"  and  this  finding  no  outlet,  the 
wave  of  electrical  pressure  sweeps  back  through  the  primary  coil 
and  instantly  demagnetizes  the  core,  owing  to  the  fact  that  its 
flow  is  in  the  reverse  direction  to  that  of  the  original  self-induced 
current.  This  effect  is  produced  with  great  rapidity,  and  is  a 
large  factor  in  rendering  the  De  Dion  system  one  of  the  simplest 
by  which  a  high-tension  current  may  be  generated  for  ignition 
purposes  in  an  explosive  motor.  Among  the  objections  to  the 
system  may  be  mentioned  the  fact  that  a  large  primary  current 
is  required  in  proportion  to  the  useful  work  accomplished,  which 
contributes  to  the  end  of  speedily  exhausting  the  battery. 
Among  other  objections  may  be  mentioned  the  high  speed  at 
which  the  breaks  of  current  must  be  effected,  with  the  result  of 
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soon  wearing  out  the  best  made  spring  that  could  be  used  on  a 
contact  breaker. 

Th«  Benz  Jump-Spark  Circuit. — The  constructional  and 
operative  objections  involved  in  the  De  Dion  system  of  ignition 
are  largely  overcome  in  the  Benz  secondary  ignition  circuit, 
which  embodies  many  of  the  features  most  often  used  with  mod- 
ern gasoline  engines  employing  this  method  of  ignition.  As 
used  on  the  Benz  carriages,  the  primary  circuit  is  supplied  by 
storage  cells  instead  of  primary  batteries,  the  average  current 
used  being  from  \\  to  2  amperes,  at  four  volts,  for  twenty  to 
twenty-five  working  hours.  As  is  obvious,  however,  the  use 
of  storage  batteries  is  by  no  means  an  essential  feature  o(  the 


no.  S8T.— Boltzer-Cabot  Hoiizoalsl  Magneto-OeiienitiH-,  ooed  Id  tbe  tparfcliv  clrculu  or 
KU  snKJDni.  This  mauhlne  U  built  on  tlie  k&me  pliui  u  Ihe  vertical  maenelo  dloWD 
tn  Pig.  m.  but  to  meet  the  requiremcntH  of  iDKiiy  motor  vehicle  engiacB,  la  moDDisd 
Aa  Hhown,  in  order  to  be  moro  readll}'  adopted  to  a  limited  apace. 

system,  their  adoption  by  Benz  indicating  only  a  method  of  es- 
caping inconveniences  involved  in  the  use  of  common  types  of 
primary  cells.  Instead  of  the  notched  cam  and  trembler  spring 
used  on  the  De  Dion  carriages,  for  periodically  breaking  the 
circuit,  a  leaf  spring,  carrying  a  contact  button  at  its  free  point, 
bears  against  the  circumference  of  a  rotating  vulcanite  disc, 
which  through  a  small  arc  carries  a  brass  plate  electrically  con- 
nected to  the  spindle  of  the  rotating  disc.  To  this  spindle  is 
connected  one  terminal  of  the  induction  coil  primary.  The  spring 
bearing  upon  the  periphery  of  the  rotating  disc  is  connected 
direct  to  the  negative  pole  of  the  battery.  By  this  means,  when- 
ever the  brass  plate  on  the  disc  comes  in  contact  with  the  button 
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carried  at  tlie  extremity  of  the  spring,  the  primary  circuit  is 
made. 

The  induction  coil  used  with  this  ignition  system  is  of  the 
usual  construction,  except  that  it  has  a  magnetically  operated 
contact  breaker,  which  serves  to  break  the  primary  circuit  as 
soon  as  the  core  has  acquired  its  full  ma^etic  properties.  The 
current,  emerging  from  the  positive  pole  of  the  battery,  moves 
along  wire,  A,  to  binding-post,  Al,  and  thence  to  the  screw  B. 
which   is   normally   in   contact   with  spring,  C,  of   the  contact 


generalor,     Bclween  the  pronKS  of 

ture  Ih  wound  from  end  lo  end  with  Inaulaled  «lre,  bo  that  when  rutiiit«i  a  powerful 
current  la  produced  \a  Ihe  vindlnRs  by  cutting  t)ic  maKnetlc  IIdss.  wboae  varyiiit; 
Btrengtli  hi  sliown  by  llie  nhuled  portions  In  the  tvto  views.  Wh<^n  llia  u'Dis.turels  in 
the  position  shown  id  the  flrst  diagram,  the  lines  al  force  nioelly  converge  at  the  lop 
and  bottom,  flndlag  a  direct  path  through  the  metal  end  flungin  of  the  ehuttle. 
When  In  the  position  shown  in  the  Becoaifdla^m,  the  lines  are  converged  so  as  to 
pass  thrauen  the  metallic  core  of  the  anuature;  the  most  direct  path  being  choaen 

breaker.  Moving  thence  through  the  spring,  it  emerges  on  wire. 
D,  moving  [hence  through  the  primary  winding  of  the  induction 
coil  to  binding-post,  £',  and  wire,  H,  which  is  in  electrical  con- 
tact with  the  spindle,  F,  of  the  rotating  disc,  G.  the  circuit  being 
closed,  as  already  stated,  whenever  the  brass  arc,  H,  on  the 
periphery  of  the  disc  is  brought  into  contact  with  the  button. 
K.  carried  on  the  spring,  L.  The  point  of  ignition  may  be  timed 
by  modifying  the  relative  positions  of  the  cortact  piece,  H,  and 
the  button,  K;  this  act  being  accomplished  by  loosening  the  ad- 
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justment  screw  and  turning  the  disc,  G.  on  the  spindle,  F,  to  the 
required  point.  The  metal  sleeve,  M,  in  contact  with  the  spindle, 
F,  maintains  the  electrical  contact  between,  H  and  F,  and  thus 
with  the  wire,  E,  no  matter  what  may  be  the  degree  at  which 
the  contact,  //,  is  shifted.  The  spindle,  F,  being  a  secondary 
shaft,  rotates  so  long  as  the  engine  is  in  motion,  thus  making 
the  primary  circuit  once  in  every  two  revolutions  of  the  fly-wheel. 
The  two  terminals,  B  and  C,  of  the  wires,  A  and  D,  are  con- 
nected as  shown  by  the  wires,  a  and  d,  with  the  condenser,  Q, 
which  consists  of  a  number  of  layers  of  tinfoil  and  paraffined 


Tia.  889.— A  Typical  Hagneto  Generator— tte  Hollzer-Cabot  Vertical  Standard.  The 
macblde  here  shown  Is  similar  In  all  Its  details  to  the  ronner,  but  ia  built  in  larger 
proportioiu  and  gives  a  more  povrertul  output  in  B.  H.  F. 

paper  disposed  beneath  the  coil,  the  object  being,  as  with  the 
De  Dion  system,  "to  suppress  the  spark  discharge  of  the  primary 
self-induced  current,  which  otherwise  would  take  place  on  the 
break  of  circuit,  and  to  increase  the  rate  of  demagnetization  of 
the  core." 

As  may  be  readily  understood,  the  primary  circuit  has  scarcely 
been  made  before  the  iron  head  of  the  contact  breaker,  carried 
on  the  spring,  C,  is  attracted  to  the  core  of  the  induction  coil. 


METHODS  OF  IGNITION.  4i3 

thus  momentarily  stopping  the  flow  of  current.  Its  vibrations, 
however,  are  of  such  rapidity  that,  judging  from  the  pitch  of  the 
note  sounded  by  it  when  in  operation,  they  average  at  least  four 
complete  breaks  during  the  brief  period  in  which  the  brass  piece, 
H,  on  disc,  G.  and  the  button,  K,  on  spring,  L,  are  in  contact. 
The  result  of  these  rapid  fluctuations  of  the  magnetic  field  is  a 
continuous  stream  of  hot,  flaming  sparks  between  the  points  of 
the  plug,  during  the  period  in  which  the  primary  circuit  is  made, 
the  number  of  impulses  of  the  secondary  current  on  the  wires. 


WweenSOOand  l.tMOrevoluttons  per  minute,  and  developing  between  lO&DdlS  vcilu 
that  could  bs  gerornted  l>y  any  niaeliinc  of  Its  Biie  and  welglit, 

R  and  S,  to  the  two  terminals  of  the  sparking  plug,  T,  being 
greatly  increased. 

The    Sources   of  Carrent:    The  nagneto-Oenerator.— The 

general  plan  with  electrical  ignition  circuits,  producing  a  spark 
from  a  secondary  current,  is  to  use  some  form  of  chemical  bat- 
tery, preferably  of  the  dry-cell,  open-circuit  variety,  as  the 
source  of  energy.     Such  chemical  cells  are  necessarily  of  the 


444 


SELF-PROPELLED    VEHICLES, 


open-circuit  variety,  since  it  would  not  be  practicable  to  periodi- 
cally interrupt  the  current  from  a  closed  circuit  cell  without 
using  much  more  complicated  machinery,  and  wasting  an  im- 
mense percentage  of  the  total  output.  There  are  numerous  open- 
circuit  dry  cells  that  are  suitable  for  use  in  connection  with  the 
ignition  circuits  of  gasoline  vehicles;  but  it  is  not  necessary  to 
dwell  upon  their  construction  and  properties,  since  the  sole  re- 
quirements seem  to  be  reasonable  durability  and  an  average  out- 
put capacity :  such  cells,  averaging  from  i  to  i^  volts,  are  con- 
nected in  batteries  of  three  or  four,  so  as  to  be  capable  of  pro- 


e^r 


Fio.  Ml.— Diafn^m  of  the  Oonstruction  and  Operation  of  the  Rlms-BoAch  Iiniltinf? 
Ma^eto.  In  thia  machine  the  armnture  is  stationary,  the  lines  beini^  cut  by  an  open 
sleeve  rotating  between  it  and  the  field  pieces.  The  first  diai^ram  shows  the  con- 
vergence of  tne  lines  of  force  before  tne  rotating  sleeve  has  been  inserted;  the 
second  shows  the  lines  when  the  sleeve  is  directly  across  the  magnetic  lines;  the 
third,  where  the  sleeve  is  in  position  at  oblique  angles  to  the  lines.  As  may  be 
understood,  this  arrangement  produces  a  very  powerful  variation  of  the  field  and  a 
very  strong  output  of  E.  M.  F. 

ducing  a  current  of  from  li  to  3^  amperes,  the  average  for  gaso- 
line carriages. 

With  gasoline  vehicles  using  a  primary  sparking  circuit,  the 
source  of  electrical  energy  is  practically  always  some  form  of 
small  dynamo  or  magneto-generator.  The  primary  distinction 
between  these  two  forms  of  electrical  source,  as  the  words  are 
generally  used,  is  that  the  magneto-generator  has  a  permanent 
magnetic  field,  being  composed  of  several  permanent  magnets, 
between  the  poles  of  which  the  lines  of  force  are  regularly  cut 
by  a  rotating  armature.  The  word  dynamo,  on  the  other  hand, 
is  commonly  used  to  designate  the  mechanical  source  of  elec- 
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trical  energy,  having  a  separately  excited  magnetic  field,  gen- 
erally consisting  of  an  even  number  of  pole  pieces  or  cores,  each 
of  which  is  wound  with  a  suitable  length  of  insulated  wire,  con- 
nected in  series  to  another  length  of  opposed  polarity  through- 
out the  entire  length  of  the  field.  Between  these  pole  pieces 
rotates  an  armature  composed  of  a  suitable  drum  or  bar,  wound 
about  with  a  suitable  length  of  insulated  wire,  the  two  terminals 
of  which  connect  through  the  commutator  to  the  outside  circuit, 
which  begins  and  ends  at  the  commutator  brushes. 

The  Construction  of  rUij^neto-Qenerators. — The  common- 
est form  of  magneto-generator  consists  of  .two  or  more  horse- 
shoe magnets  set  in  suitable  pole  pieces,  between  which  rotates 
a  shuttle-shaped  armature  wound  about  with  a  suitable  length 
of  fine  insulated  wire.  As  may  be  seen  in  the  accompanying 
illustration,  the  lines  of  force  extending  between  the  poles  of 
these  magnets  are  variously  distributed  according  to  the  point 
occupied  by  the  armature  in  its  rotation.  It  may  thus  be  under- 
stood that  any  movement  of  the  armature  on  its  spindle,  either 
in  making  a  complete  revolution  or  in  oscillating  backward  and 
forward,  must  operate  to  deflect  and  distort  these  lines  of  force 
in  such  a  manner  as  to  set  up  powerful  induced  currents  in  the 
armature  winding.  Since,  however,  the  paths  of  the  magnetic 
forces  are  thus  continually  shifted  from  the  lines  of  the  least 
resistance  to  the  lines  of  the  greatest  resistance,  it  follows  that 
the  current  delivered  from  the  terminal  connections  will  have 
a  constantly  shifting  potential,  and  will  hence  be  an  alternating 
current — ^that  is  to  say,  a  current  flowing  first  in  one  direction 
and  then  in  another.  This  is  the  very  thing  that  is  required  in 
telephone  circuits,  for  which  magneto-generators  are  commonly 
used,  to  produce  a  current  for  operating  the  switchboard  drops 
and  transmitting  call-bell  signals.  For  this  purpose,  one  end  of 
the  armature  winding  is  connected  to  the  centre  of  the  rotating 
spindle,  which  is  insulated;  the  other  to  the  frame  of  the  ma- 
chine. Generators  of  precisely  similar  construction  and  wiring 
may  be  used  for  gas-engine  ignition,  provided  the  cut-off  of  the 
current  be  timed  to  occur  at  precisely  the  point  of  highest  po- 
tential or  greatest  intensity,  which  is  to  say, when  the  longitudinal 
flange  pieces  of  the  shuttle-shaped  armature  are  in  a  vertical 
position.    For  ordinary  ignHion  circuits,  however,  the  alternating 
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current  is  not  used,  and  consequently  the  magneto  is  equipped 
with  a  rotating  commutator  and  terminal  brushes,  such  as  are 
used  on  direct-current  dynamos. 

The  Operation  of  a  Macneto^enerator. — The  general 
operation  of  the  magneto-generators  depends  upon  a  few  obvious 
principles  of  construction,  which  we  may  sum  up  under  the  fol- 
lowing heads:  i.  The  quantity  o£  the  current  depends  upon  the 
strength  of  the  magnetic  field  and  the  number  of  lines  of  force 
passing  through  the  armature.  2.  The  electromotive  force  pro- 
duced depends  for  its  amount  upon  the  length  of  the  armature 


rio.se.— A  TypiL-al  Isiillion  Uynamc -ihl-  Apple  Dynamo  Isnlter.  This  showsthein. 
terior  of  I  be  machine,  the  cover  at  the  rear  ot  the  cai«e  twing  opened.  The  psnii 
ghown  are  the  winding  of  one  pole,  the  commutator  bnuhca,  the  spider  ■upporiinK 
the  nitatine  ^inille  uf  the  armature,  and  the  wick.feed  oil  cup  tor  lubricBting  the 
bearing  o(the  spindle. 

winding,  and  the  rapidity  with  which  the  armature  is  rotated, 
cutting  and  deflecting  the  lines  of  magnetic  force.  If  the  arma- 
ture be  wound  with  comparatively  thick  wire,  which  would  give 
a  short  winding,  the  E.  M.  F.  will  be  low;  but  if  it  be  wound  with 
a  finer  wire,  giving  a  much  greater  length,  the  E.  M.  F.  will  be 
higher  in  ratio  to  the  diameters  of  the  wires  used. 

A  Stationary  Armature  Mag:net»4]enerator. — Although 
most  of  the  magneto-generators  manufactured  for  use  in  igniting 
gas  engines  conform  to  the  general  characteristics  of  the  ma- 


METHODS  OF  IGNITION.  447 

chines  just  described,  an  interesting  variation  is  {ound  in  the 
Bosch  &  Simms  stationary  armature  generator,  which  operates 
without  a  commutator,  the  terminals  being  connected  to  the  out- 
side circuit,  as  in  the  ordinary  telephone  magneto.  The  arma- 
ture of  this  machine  is  of  the  shuttle-shaped  pattern,  wound  with 
insulated  wire  as  already  described,  but  it  is  fixed  rigid  at  one 
end  in  such  position  that  the  lines  of  magnetic  force  strike  directly 
through  the  insulated  coil  of  the  winding.  The  armature,  how- 
ever, is  of  somewhat  smaller  relative  diameter  than  is  used  on 
the  other  types  of  magnetos,  in  order  to  leave  a  clearance  for 


no.  MI.— Sectional  Dfacramof  the  Apple  IKiiltine  Dynamo.  The  parts  shown  are:  A, 
cB*t  Inm  bodTcoatSnloK  tbemovfoe  parts:  B.  the  hinRetl  ltd  of  The  body;  C,  the  one. 
pole  piece  of  the  field  maenets:  D.  t^e  armature:  E,  th?  cull  at  one  of  tlie  HeIiI  mait. 
nets:  F. braw bearing ottbe  armature  spindle;  Q  and  H.  flbre  tutxiBBurrouDdtne  the 
■piDdle;  K,braaB«iiderBupportlne the  spindle;  L,  eninmulator;  H,  wick  feed  oitcup: 
N,  beTeled  not  supporting  the  oommulator;  O,  P,  Q,  nupports  of  the  commutat«r; 
B,  the  driving  disc:  B.  lever  friction  pinion. 

an  intervening  sleeve  or  open-sided  cylinder  of  soft  iron  to  be 
oscillated  on  the  same  axis  between  it  and  the  pole  pieces.  This 
sleeve  is  caused  to  oscillate  through  about  one-half  a  revolution 
by  the  connecting  rod  and  crank  geared  to  an  adjustable  cam 
on  the  secondary  shaft  of  the  engine,  the  difTerence  in  throw 
between  the  crank  geared  to  the  spindle  of  the  sleeve  and  the 
radius  of  the  cam  operating  to  prevent  a  full  revolution.  This 
cam  also  operates  to  break  the  circuit  at  the  contact  points  with- 
in the  cylinder,  at  a  predetermined  point  in  the  stroke,  which  is 
always  made  to  occur  at  precisely  the  point  when  the  oscillating 
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sleeve  is  in  position  to  cut  through  the  greatest  number  of  mag- 
netic lines,  thus  producing  the  maximum  E.  M.  F.  The  spark 
may  be  advanced  by  a  feather  on  the  cam,  and  a  spiral  groove 
cut  on  its  spindle,  so  that  when  it  is  moved  lengthwise  the  opera- 
tion of  the  contact  breaker  may  be  varied,  although  maintaining 
the  sparking  point  at  the  same  maximum  position  of  the  oscil- 
lated sleeve. 

The  Icnition  Circuit  of  the  5imms  naffneto.— The  ignition 
circuit  arrangements  used  in  connection  with  this  form  of  gen- 


r 

& 

Fib.  M4.       .  Fio.  S4S. 

a.  M4,— Apple  Stonure  BaCtary,  used  aa  startFr  la  the  UnittkaD  of  tlie  Apple  dTDkino. 
Tills  Is  a  iHoceli  battery  of  oiccllent  conBtrucMan,  having  k  cBoBcltj  of*  lolu.    As 
ID  FigH.  K»  Siud  346,  II  may  t>e  used  either  wjtb  or  wltli- 
BlartlnR  the  engltie.  until  Ibe  latter  has  taken  up  Itm 

Pia.  S45.— Centrirujcal  Qavernor,  used  on  the  Apple  Dvaama  for  modirylns  the  speed 
within  rHiulrwl  liinils.    The  cf  nlrifuKttl  welgtEs  of  tliis  goTHmnr  are  contact  shoes, 
■      -  '  e  of  the  pulley.      —  ■ 


■elEhti  ny  outward  as  far  sa  the  ■4]uslBti 

-„-  .   -  r- , „  -JB  aphidle  attached  lo  the  pulley  (tvn\  II 

in  sliafl  rotated  by  the  spur  wheel,  aud  keepioK  the  rotatloD  of  the  armature 


■Prinmw 

the  required  speed, 

erator  are  the  simplest  possible,  although  its  sparking  efficiency 
is  very  high.  The  positive  terminal  is  on  an  insulated  binding 
screw  at  the  top  of  the  armature,  the  path  of  the  return  current 
being  through  the  metal  of  the  engine  cylinder,  to  the  base  of 
the  magneto- genera  tor.  In  general,  the  method  adopted  for 
driving  the  rotating  portion  of  the  magneto  is  to  connect  it  direct 
to  the  fly-wheel  of  the  engine,  cither  by  a  belt  or  a  brushing 
roller.  With  this  arrangement  it  has  usually  been  found  that  a 
current  sufficient  to  begin  sparking  may  be  produced  by  the  act 
of  turning  over  the  fly-wheel  to  start  the  motor.    Several  manu- 
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facturers,  however,  include  a  battery  of  galvanic  cells  in  the  igni- 
tion system,  so  as  to  supply  the  required  strength  of  current 
at  the  first  break  between  the  sparking  contacts.  This  battery 
is  cut  out  of  circuit  as  soon  as  the  current  from  the  magneto 
is  thrown  in  by  means  of  an  electro-magnet  in  the  circuit,  which 
attracts  its  armature  and  breaks  the  connections  of  the  chemical 
battery. 

The  use  of  a  magneto-generator  as  a  constant  source  of  cur- 
rent involves  but  one  objection,  which  is  that  the  permanent 
magnets  will  gradually  lose  their  magnetism,  with  the  result  that 
the  strength  of  the  current  produced  will  constantly  decrease, 
although  with  magnets  made  of  suitable  steel  and  fully  mag- 
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Fio.  346.— Ignition  Circuit,  containing  a  Dynamo  Generator  and  Storage  Battery.  Both 
terminals  of  the  secondary  winding  of  the  induction  coil  have  visible  leads  to  the 
sparking  plus?.  An  adjustable  vibrator  on  the  coil  enable^s  the  timing  of  the  spark. 
As  in  Fig.  829,  the  storage  battvry  furnishes  current  for  sparking  until  the  dynamo 
has  taken  up  its  speed,  and  may  then  be  cut  out  of  circuit,  as  desured. 

netized  this  event  may  be  very  long  deferred.  In  order  to  delay 
it  as  far  as  possible,  and  at  the  same  time  obtain  a  current  car- 
ried at  the  maximum  pressure,  one  American  manufacturer  has 
produced  magneto-generators  in  which  the  entire  length  of  the 
magnets  above  the  pole  pieces  is  wound  with  a  continuous  length 
of  insulated  wire,  this  coil  being  connected  in  series  in  the  cir- 
cuit with  the  terminal  brushes  on  the  commutator.  As  has  been 
claimed,  the  current  traversing  the  coil  acts  to  increase  the  de- 
gree of  magnetism  to  the  point  of  saturation,  a  large  part  of 
the  effect  being  retained,  with  the  result  that  the  maximum  of 
residual  magnetism  is  supported  and  re-enforced  when  the  ma- 
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chine  is  in  operation.  At  the  same  time  the  core  winding  in 
such  a  generator  performs  the  double  duty  of  increasing  the  in- 
tensity of  the  magnetic  field,  and,  by  its  self-induction,  adding'io 
the  intensity  of  the  spark,  without  seriously  affecting  the  mag- 
netism at  the  moment  of  break,  which  result  would  certainly 
follow  with  the  use  of  a  series  wound  dynamo  with  separately 
excited  field. 

A  Typical  Ignition  Dynama — One  of  the  best  known 
American-made  dynamos  for  supplying  the  current  for  a  gas- 
engine  ignition  circuit  is  the  Apple  generator,  the  details  of  which 
are  shown  in  several  accompanying  illustrations.  This  is  a  small 
two-pole,  constant-current  dynamo,  giving  about  8  volts  at  be- 
tween i,ooo  and  1,200  revolutions.  The  armature  coil  is  lami- 
nated after  the  most  approved  style  in  large  power  dynamos, 
being  composed  of  a  number  of  thin-toothed  discs,  punched  from 
charcoal  iron  and  hung  on  a  shaft  of  one-half  inch  diameter.  The 
armature  winding  is  so  effectually  insulated  that  the  machine  is 
positively  guaranteed  against  ground  or  short  circuiting.  The 
commutator  is  insulated  throughout  with  mica,  and  the  ar- 
rangement of  the  brushes  is  such  that  the  commutator  shaft  may 
be  rotated  in  either  direction  without  injury.  The  brushes  them- 
selves are  built  up  of  fine  copper  gauze,  between  the  folds  of 
which  is  inclosed  a  carbon  preparation,  which  at  once  prevents 
ragging  out  and  cutting  the  commutator,  and  also  furnishes  a 
desirable  lubricating  element.  The  bearings  of  the  armature 
shaft  are  lubricated  by  wick  cups,  the  wick  being  held  against 
the  shaft  by  a  suitable  spring,  which  insures  the  necessary  lubri- 
cation without  danger  of  flooding.  One  of  the  most  excellent 
features  of  this  generator  is  the  simple  centrifugal  governor 
which  acts  to  maintain  the  speed  within  the  proper  limits  by 
interrupting  the  driving  connections,  which  may  be  by  belt, 
gear  wheels  or  simple  friction,  thus  preventing  burning  out  of 
the  fields,  which  wonld  certainly  occur  should  the  speed  be  main- 
tained at  too  high  a  rate.  By  the  use  of  this  device  for  maintaining 
a  constant  speed  of  armature  rotation,  independent  of  the  speed  of 
the  engine,  the  ratio  may  be  so  adjusted  that  a  fly-wheel,  capable 
of  an  average  good  speed  at  starting,  the  generation  of  current 
may  be  begun  without  the  use  of  a  separate  starting  or  igniting 
source. 


CHAPTER   THIRTY-ONE. 

TRANSMISSION    GEARS    AND    SPEED-CHANGING    DEVICES     FOR 

GASOLINE   VEHICLES. 

Speed-Chansrin^  Devices  for  flotor  Carriages.— A  gasoline 
motor  carriage,  like  a  machine-shop  plant,  is  necessarily  equipped 
with  some  kind  of  a  mechanical  geared  device  for  changing  the 
ratio  of  speed  and  power  between  the  motor  and  the  running 
mechanism.  The  principle  upon  which  the  typical  speed-chang- 
ing devices  depend  is  well  illustrated  by  the  familiar  cone  or 
stepped  pullies,  such  as  are  used  on  lathes  and  some  other  me- 
chanical contrivances.  In  such  a  device  as  this,  the  desired 
change  of  ratio  of  speed  and  power  is  obtained  by  shifting  the 
belt  in  a  direction  lengthwise  of  the  shaft,  which  act  enables  the 
variation  of  the  speed  by  connecting  a  pulley  of  small  diameter 
on  the  main  shaft  with  one  of  large  diameter  on  the  secondary 
shaft,  for  example,  or  when  the  opposite  effect  is  required,  con- 
necting a  large  pulley  on  the  main  shaft  to  a  small  one  on  the 
secondary,  the  total  length  of  belt,  of  course,  always  being  the 
same.  It  is  perfectly  possible  to  obtain  the  same  effect  of  vari- 
ation by  belting  together  two  pullies  of  simple  conical  contour, 
their  apexes  being  disposed  in  opposite  directions.  The  effect 
of  increasing  speed  with  such  devices  means,  of  course,  a  dissi- 
pation of  a  considerable  part  of  the  available  power,  while  on 
the  other  hand  a  decrease  of  speed  at  the  driving  end  involves  a 
larger  percentage  of  available  power. 

Speed-Ciianging  Gears  and  Engine  Throttling. — A  speed- 
changing  mechanism  of  some  description  is  necessarily  used  on 
vehicles  propelled  by  gasoline  motors,  principally  because  it  is 
less  difficult  to  shift  a  mechanical  gearing  than  to  properly 
throttle  the  charge,  which  is  the  only  really  practical  method  of 
varying  the  speed  of  the  piston.  With  explosive  motors,  oper- 
ating with  an  automatic  governor  of  any  description,  and  having 
no.  provision  for  throttling  by  hand,  a  speed-changing  gear  is  a 
positive  necessity,  on  account  of  the  fact  that,  with  a  properly 
proportioned  fuel  mixture,  the  speed  is  maintained  at  a  practically  ■ 
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constant  rate.  As  a  matter  of  fact,  the  mechanical  speed-chang- 
ing devices  were  first  adopted  in  carriages  propelled  by  auto- 
matically governed  engines,  but  since  the  greater  perfection  of 
certain  details  has  made  possible  a  reliable  throttling  connec- 
tion, they  are  in  general  far  less  complicated  and  somewhat  less 
important.  There  are  two  purposes,  however,  for  which  a  chang- 
ing gear  of  some  description  must  always  be  included ;  the  one 
is  for  reversing  the  travel  of  the  carriage,  the  other  for  securing 
a  proper  proportion  of  available  power  for  hill-climbing.     With 


Fio.  347.— Diaf^ram  of  the  Belt  Transmission,  used  on  the  early  Daimler  carriajres.  As 
shown  in  the  cut,  two  pulleys  of  different  diameters — anj'  diameter  ratios  may  be 
used — are  connected  by  a  belt.  This  belt  is  normally  loose,  but  may  be  tijrhtened  bj' 
a  jockey  pulley  mounted  on  one  arm  of  a  bell  crank  lever,  so  as  to  tighten  or  loosen 
the  belt,  according  lo  the  position  given  it  by  the  hand  lever,  as  indicated  by  the 
full  and  dotted  lines. 

a  Steam  engine,  as  we  have  seen,  the  best  results  may  be  achieved 
by  reversing  the  movement  of  the  engine,  and,  secondly,  by  de- 
laying the  point  of  cut-oflf  so  as  to  admit  more  steam  at  each 
stroke  and  depend  less  upon  its  expansive  action.  But  a  gas 
engine  may  not  be  reversed  and  its  available  power  pressure 
may  not  be  increased  beyond  a  certain  definite  limit. 


The  Daimler  Belt  and  Pulley  Transmission. — Very  nearly 
the  simplest  practical  device  ever  employed  for  shifting  the  speed 
and  power  ratios  was  the  belt  transmission,  used  with  some  of 
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the  earlier  Daimler  carriages.  Briefly  described,  it  consisted  of 
four  pulleys  regularly  increasing  in  size,  keyed  to  the 
main  shaft,  and  four  others  regularly  decreasing  in  size 
in    the    same    order,    keyed    to    the  countershaft.    Four  belts 


la.  -WS.— Diajrram  if  a  Variable  Cone  Pulley  TransmlaBLoti,  by  whioh  the  relative  speeds 

■harta  Is  a  fualher,  D,  on  whidi  Bnde  doutle  cones.V,  F,  F,  F.  To  the  apex,  J,  of 
each  of  thew  cants*,  arc  attadicr]  flTiL'crfi,  9.  S,  S,  S.  which  are  screwed  to  tfic  lieiulx. 
0.0,  O.  a.  aHaliown.  A  handle.  P.  pivuicil  ut>~.  maybe  turned  in  either  direction, 
aclualinK  the  levers,  L.  L,  L.  L  and  K,  K,  K,  K :  thus  modlfylnR  the  belled  diameter 

levers,  K.  K,  K,  K.  by  forte.!  connecUoiis,  actuate  llie  eoncs.  cauHlng  them  to  slide 
-' ■' — 1,  D,  D,  D.  D.  at  tliespDoK  J.  J.  J,  J.    Tlie  device  shown  hi  this 


connected  these  eight  pulleys,  and  the  power  was  thrown 
into  any  one  pair  as  desired,  by  tightening  the  belt  with 
an  idler  pulley  mounted  on  a  suitably  disposed  bell  crank. 
By  this  method  it  was  possible  to  obtain  four  speeds  forward  on 
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an  even  roadway,  or  to  vary  the  power  to  suit  the  requirements 
of  various  ascending  grades.  There  was  no  provision,  however, 
for  reversing  the  movement,  the  only  method  of  turning  the  car- 
riage in  a  short  radius  being  to  bring  the  centre  pivoted  front 
axle  all  the  way  around,  so  that  the  small  forward  wheel  cut 
under  the  body,  as  in  a  horse-drawn  vehicle.  It  would  be  per- 
fectly possible,  however,  to  obtain  a  reverse  motion  by  such  a 
belt  transmission  as  this,  by  simply  crossing  one  of  the  belts  in 
the  manner  frequently  seen  in  stationary  power  plants  of  all  de- 
scriptions, although  it  is  doubtful  if  a  cross  belt,  unless  of  un- 
usual length,  could  be  tightened  with  an  idler  pulley  as  with 
others.  A  loose  pulley  on  both  shafts  of  a  belt-shifter  would 
seem  to  furnish  the  only  really  practical  means  of  manipulating 
a  reverse  movement  of  such  a  description.  The  method  of  using 
fast  and  loose  pulleys  and  shifting  belts  has  been  successfully 
applied  in  several  types  of  motor  carriage,  among  which  may  be 
mentioned  some  of  the  light  Benz  carriages  made  in  Germany, 
and  one  or  two  of  the  carriages  manufactured  by  the  English 
Daimler  Motor  Co.  In  both  these  instances,  however,  the  shafts 
are  arranged  at  a  sufficient  distance  between  centres  to  enable 
an  easy  shifting  of  the  belts. 

Stepped  Cone  Pulley  Transmissions. — Among  the  few  ex- 
amples in  which  step  pulley  shafts  have  been  used  for  transmis- 
sion and  speed  changing  in  a  motor  carriage,  may  be  mentioned 
the  Darracq-BoUee  machine,  widely  used  in  France.  In  this 
case  the  belt  is  shifted  on  oppositely  tapered  pulley  cones,  by 
means  of  an  ordinary  shifter,  by  which  means  five  speeds  for- 
ward can  be  readily  obtained,  without  the  jar  and  friction  ex- 
perienced with  some  other  types  of  speed  gear.  The  reverse  gear 
used  with  this  carriage  was  of  a  highly  effective  and  ingenious 
description  for  the  method  of  transmission.  The  stepped  or  cone 
pulley  on  the  main  shaft  turned  on  a  sleeve,  which  was  made 
rigid  with  the  fly-wheel  for  forward  movement,  by  interlocking 
of  a  spur  pinion  screwed  to  the  end  of  the  sleeve,  an  internal  gear 
upon  the  circumference  of  the  fly-wheel  and  the  idler  pinion 
meshing  W'ith  both.  In  forward  driving  this  idler  pinion  was 
rigidly  clutched,  so  that  it  could  not  rotate  on  its  own  axis.-  When, 
however,  the  motion  of  the  carriage  was  to  be  reversed,  the  clutch 
was  thrown  out  by  a  special  lever  coming  to  the  driver's  hand, 
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and  the  idler  pulley,  then  rotating  on  its  own  axis,  transmitted  the 
motion  from  the  internal  gear  in  the  reverse  direction,  to  the 
spur  pinion  on  the  end  of  the  rotating  sleeve  carrying  the  stepped 
pulley. 


Fid.  349.~Detal1s  at  the  Panbard-LevBwor  ChiuiRe  Speed  Gear.    A  ii  &  square  section 
...u -.^  J-:... 1_.. J  .^  .L irby  theconeolut-"-    ■- —  ■-  ■■-- 


ripht  hand  upper  dioEnm  of  the  figure.  B  in  a  fleeTe  caiued  to  ahde  on  A  by  means 
of  lever.  D.  vhlch  carries  four  spur  pinkme,  B>.  B*.  B>.  B*,  which  are  of  sucli  dinmeter 
as  lo  match  respectively  with  pinions,  t",  C*,  C.  C,  keyed  an  the  counter  shaft.  C. 
The  motion  being  Imoarted  From  the  main  shaft,  A,  through  sleeve.  B.  through  any 
one  pair  of  pinions  to  the  shaft,  C.  causes  the  rotatiou  ot  the  bevel  pinion,  O.  which. 

Bear,  H  or  L.  which  are  secured  lo  a  Hloeve  slidini-  on  a  feather  on  shan,  M.    At  R  is 

Lisingear.    jisadiffer- 

he  clutch  shoim  Is  as  fol- 
tnate  cones.  N  and  V.    On 

me  enu  oi  Loe  cranK  snaiL  oi' tne  eoeme  are  me  nourjje  fcmalo  cones,  O  and  Q. 

When  under  the  force  of  the  sprine,  P.  the  two  cones  adhere  by  friction  contact. 

thus  transtnlttlnK  (he  motion  of  the  crank  shnfl  to  the  main  shaft.  A,  by  throwing 

out  the  clutch.  th»  engine  may  continue  moi'lnij  wKhout  driving  Ibe  '.-arriage. 

Speed-Cbangiii;  by  Shifting  Qears. — At    the   present    time 
belt  transmission   for  motor  carnages  has  been  nearly,  if  not 
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entirely,  abandoned  in  favor  of  spur  gear  or  sprocket,  so  that 
the  several  devices  for  belt  shifting  or  tightening  have  been 
necessarily  superseded  by  interlocking  or  shifting  spur  wheels, 
or  some  combination  of  clutch  and  planetary  gears.  The  typical 
method  of  shifting  the  speed  and  power  with  a  spur  wheel  sys- 
tem is  to  have  several  spur  wheels  of  as  many  different 
diameters,  keyed  to  a  countershaft,  with  the  same  number  of 
spurs,  whose  diameters  vary  inversely,  keyed  to  a  sleeve,  ar- 
ranged to  slide  on  a  key  on  the  main  shaft  or  on  a  square  section 
portion  of  the  shaft.  The  latter  construction  is  the  most  usual, 
as  affording  the  most  reliable  method  of  holding  the  sleeve  rigid 
and  securing  a  proper  transmission  of  power.  The  driving  shaft, 
whose  speed  is  varied  according  to  the  position  of  the  gear- 
carrying  sleeve,  transmits  the  power  to  the  drive  wheels,  either 
by  sprocket  or  gear  connection.  In  all  transmission  systems 
using  shifting  gears  on  the  main  shaft  it  is  necessary  to  throw 
out  the  main  clutch,  before  attempting  the  operation  of  shifting 
the  speed,  since  to  do  otherwise  would  mean  not  only  a  very 
probable  difificulty  in  effecting  the  desired  connection,  but  also, 
in  a  great  majority  of  cases,  would  involve  very  serious  friction 
or  complete  stripping  of  both  gears.  In  fact,  this  is  the  almost 
fatal  objection  to  this  method  of  speed  changing,  since  all  but 
the  most  experienced  drivers  will  occasionally  neglect  to  throw 
off  the  clutch.  Under  the  most  advantageous  circumstances,  and 
with  the  most  careful  handling,  there  is  necessarily  such  a  large 
amount  of  wear  and  friction  that  the  gears  must  be  periodically 
removed.  For  this  reason  a  host  of  inventors  have  set  themselves 
to  the  work  of  perfecting  a  method  of  speed  changing  which 
shall  involve  neither  too  much  experience  in  the  driver  nor  too 
much  wear  or  shock  consequent  on  moving  from  a  lower  to  a 
higher  speed.  As  must  be  obvious  also,  it  is  easier  to  change 
the  gear  from  a  low  to  a  high  speed  than  vice  versa,  since  the 
attempt  to  throw^  on  the  low  speed  when  the  car  has  obtained 
some  momentum  must  result  in  an  uncomfortable  jerk,  if  not  in 
irreparable  damage,  when  the  shifting  is  carelessly  performed. 

The  Panhard-Levassor  5peed  Qear. — One  of  the  most  rep- 
resentative and  complicated  change-speed  mechanisms  of  the 
spur  gear  type  is  the  modified  Daimler  transmission  used  on  the 
Panhard-Levassor  carriages.     As  shown  in  the  accompanying 
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illustration,  it  consists  of  two  spur  shafts,  A  and  C,  the  former 
carrying  on  its  square  portion  the  sleeve,  B,  upon  which,  as 
shown,  are  four  spur  gears  of  varying  diameter.  On  the  shaft, 
C,  are  also  arranged  four  gears,  whose  diameters  vary  inversely 
with  those  on  A,  At  the  right  hand  extremity  of  the  shaft.  A, 
is  carried  the  male  cone  of  the  main  clutch,  which,  when  held  in 
gear  by  a  pressure  of  the  spring,  F,  enables  the  transmission  of 
power  direct  from  the  crank  to  the  shaft,  A,  The  clutch  may 
be  thrown  out  by  lever,  £,  which  acts  to  pull  the  shaft.  A,  to  the 
left,  compressing  the  spring,  F.  The  sleeve,  B,  may  be  shifted 
on  the  main  shaft  by  a  lever,  Z>,  which  is  connected  as  indicated. 
When,  as  in  the  cut,  the  gear,  B\  is  meshed  with  the  gear,  C\ 
the  car  will  have  its  slowest  speed  forward,  and  the  act  of  shifting 
the  gears  to  the  left  from  that  position  will  raise  the  speed  at 
a  regularly  increasing  ratio;  the  meshing  of  B'  and  C,  giving 
the  second  speed  forward,  and  the  other  gears  the  next  two  in- 
creasing speeds.  Similarly,  also,  in  the  act  of  shifting  the  sleeve 
from  the  extreme  left  position,  when  gear,  B*,  is  meshed  with 
gear,  C\  there  will  be  a  similarly  regular  decrease  of  ratio  in  their 
speed.  This  is  an  exceedingly  excellent  feature  of  this  device, 
which  reduces  the  danger  of  stripping  the  gears  to  the  lowest 
point  with  proper  handling. 

The  method  of  transmitting  the  motion  from  shaft,  C,  is 
through  the  bevel  gear,  6',  which,  as  shown  in  both  sections  of 
the  cut,  meshes  with  another  bevel,  //.  This  bevel,  //,  together 
with  a  similar  bevel,  L,  on  the  case  containing  the  differential 
gear,  are  keyed  to  the  sleeve,  M,  which  works  over  the  centre- 
divided  countershaft,  at  two  extremities  of  which  are  the  sprocket 
pinions  for  driving  direct  to  each  of  the  rear  wheels.  As  long  as 
the  bevel,  G,  drives  on  //,  as  shown,  the  motion  of  the  carriage 
is  forward,  at  any  speed  determined  by  the  relative  position  of 
the  shifting  gears  on  the  two  shafts,  B  and  C.  In  order  to  re- 
verse the  motion  of  the  carriage,  the  sleeve,  M,  is  shifted  upon 
the  lever,  acting  on  the  thimble,  AT,  so  that  H  is  pushed  out  of 
mesh  with  C,  and  L  is  thrown  in.  By  this  process,  as  is  obvious 
although  the  rotation  of  G  continues  in  the  same  direction,  the 
movement  imparted  to  L  will  be  the  reverse  of  that  previously 
imparted  to  //.  Another  advantage  involved  in  the  device  is 
that  the  reverse  has  the  same  number  of  speed  and  power  com- 
binations as  the  forward  motion,  thus  providing  for  all  possible 
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conditions  of  grade  and  road  surfaces.  It  is  also  obvious  that, 
by  shifting  the  sleeve,  M,  a  certain  distance,  the  driving  connec- 
tions to  the  main  shaft,  through  the  differential,  /,  will  be  thrown 
off  altogether.  This  is  the  operation  necessarily  preceding  the 
throwing  on  of  the  brake,  the  drum  of  which  is  on  the  counter- 
shaft, just  beyond  the  thimble,  //.  By  simultaneously  disconnect- 
ing the  main  clutch,  by  turning  the  lever,  E,  and  compressing  the 
spring,  F,  and  disconnecting  the  driving  connections  from  G  to 
H  or  L,  the  act  of  shifting  the  gears  on  B  and  C  may  take  place 
with  the  least  possible  danger  of  breakage. 

The  Daimler  Reversing  Device. — Although  the  change-speed 
gear  just  described  is  an  exceedingly  effective  and  readily-oper- 


FiQ.  350.— Details  of  the  Reverse  Gear  used  on  the  Daimler-Maybach  Carriages.  The 
change  speed  g^ar  used  on  these  carriages  is  identical  with  that  used  on  the  Pan- 
hard -Levassor,  except  for  the  bevel  gear  reversing  arrangement.  Instead  of  using 
this  device,  the  pulley,  A,  on  the  main  shaft,  is  thrown  into  gear  with  pulley,  C,  upon 
the  second  shaft,  through  the  spur  pinion,  B,  carried  on  the  bell  crank,  D,  and  moved 
in  or  out  of  gear  by  lever,  E.  Thus  the  mot  ion  of  A  is  transmitted  to  C  in  the  reverse 
direction,  although  none  of  the  gears  on  the  first  and  second  shafts  may  be  in  mesh. 

ated  mechanism,  capable  of  producing  the  best  results,  both  in 
carriage  operation  and  the  saving  of  breakage,  as  far  as  possible, 
the  principal  objection  to  be  urged  against  it  is  the  complication 
and  consequent  costliness.  In  order  to  eliminate  one  element 
of  complication  and  possible  uncertainty  of  action,  the  method  of 
reversing  is  considerably  modified  in  a  precisely  similar  system 
of  transmission,  used  on  the  carriages  of  the  Cannstadt- Daimler 
Co.  Although  their  device  resembled  the  one  just  described 
in  having  the  shifting  sleeve,  fi,  on  the  main  driving  shaft.  A, 
carrying  spur  gears  intended  to  be  meshed  with  others  on  shaft, 
C,  which  drove  a  bevel  gear,  //,  through  the  bevel  pinion,  C, 


TJ^ANSMISSIONS  AND   SPEED  CHANGERS,  459 

there  was  no  provision  for  shifting  the  sleeve,  M,  in  order  to 
throw  in  a  bevel  gear  corresponding  to  L.  The  method  of  reverse 
was  accomplished,  briefly,  as  follows :  the  sleeve,  B,  was  shifted 
to  a  neutral  point,  at  which  point  none  of  its  gears  meshed  with 
gears  on  C.  In  this  position,  as  may  be  readily  understood,  at 
least  one  of  the  gears  will  be  at  a  point  just  previous  to  meshing 
with  its  gear  on  C,  although  there  is  no  contact  whatever  be- 
tween them.  At  this  point,  which  is  indicated  by  the  relative 
positions  of  gears  A  and  C,  in  an  accompanying  illustration,  the 
elongated  idler  pinion,  B,  in  a  fork  on  bell  crank,  Z>,  is  thrown 
into  mesh  with  both  A  and  C,  by  operating  the  lever,  E.  The 
effect  of  this  act,  as  may  be  readily  understood,  is  to  transmit 
the  motion  of  the  driving  pinion  in  the  reversed  direction  to  the 
driving  shaft,  with  the  result  that  the  bevel  gear,  G,  carried  on 
the  driven  shaft,  transmits  its  movement  in  a  reversed  direction. 
As  may  be  seen,  it  is  necessary  to  throw  oflf  the  clutch,  before 
throwing  the  idler  into  mesh  with  A  and  C. 

Constantly  fleshed  Spur  Gear  Transmissions. — Although 
the  method  of  shifting  gears  is  an  effective  means  of  regulating 
the  speed  of  a  carriage,  and  next  to  the  scheme  of  using  loose 
pulleys  or  belt-tightening  idlers,  is  also,  as  it  seems,  the  simplest 
and  readiest,  a  vast  friction  and  wear  following  even  the  most 
careful  handling,  renders  it  exceedingly  advisable  that  some 
means  should  be  devised  for  having  all  the  gears  constantly  in 
mesh,  with  one  of  every  pair  turning  loose  on  its  own  shaft  and 
being  thrown  in  by  some  kind  of  clutching  device,  whenever  it 
might  be  desirable  to  drive  through  it.  A  large  number  of  com- 
bined clutch  and  gear  transmissions  have  been  placed  upon  the 
market,  but  since  they  all  operate  upon  a  few  simple  principles 
it  is  necessary  to  describe  only  one  or  two  that  seem  typical. 

The  flontauban-Marchandier  Speed  Gear. — Among  the  most 
noteworthy  transmissions  of  this  general  description  may  be 
mentioned  the  Marchandier,  a  sketch  of  which  is  shown  in  an  ac- 
companying illustration.  Here,  as  may  be  seen,  there  are  two 
shafts  carrying  spur  gears,  all  of  which  are  constantly  in  mesh. 
Four  spur  gears  are  keyed  to  the  shaft.  A,  and  four  others  turn 
loose  on  a  sleeve  over  the  shaft,  B.  The  powder  is  transmitted 
from  the  motor  through  the  bevel  gear,  C,  which  is  always  in 
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mesh  with  two  other  bevels.  D  and  £,  which  turn  loose  on  shah, 
A.  By  means  of  the  shaft  clutch,  F,  either  one  of  these  may  be 
thrown  into  rigid  relations  witii  the  shaft,  A,  thus  insuring  either 
a  forward  or  a  reverse  transmission  from  bevel,  C.  In  order  that 
the  motion  may  be  transmitted  to  the  countershaft,  B,  which 
carries  a  driving  sprocket  on  either  extremity,  it  is  necessary 
that  some  one  of  the  four  loose  turning  pulleys  carried  on  its 
sleeve  be  thrown  into  gear  by  the  shifting  of  precisely  similar 
shaft  clutches.    The  operation  of  shifting  these  clutches  on  shaft, 


FiQ.  %!.— Details  of  the  HonCaubati-Uarchiuidier  Change  Speed  Gear,    A  Is  th#  first 
motion  shaft,  lo  which  are  keyed  four  spurs  of  different  diameters;  B,  llie  seuoiiJ 

a  bcvi'J  an  tlie  drive  SiaTl  of  tlie  eiii:i»e.  D  and  E  ar?  bevpls  in  mesh  vtlth  C  and 
oa[Able  or  bring  lichleneil  or  loosened  by  the  sliding:  shaft  clutch,  F.  thus  varylnK 
the  dhvction  ol  tiavel.  G  JR a  cam  drum,  bj  routing  whieh  any  desired  spur oa  f 
may  bti  clutched  and  throvm  into  gear  with  its  mate  un  k.. 

B,  is  performed  by  means  of  a  cam  spindle,  G,  which  carries  on 
its  surface  two  such  cams  as  are  shown  in  the  illustration.  The 
cams  are  so  laid  out  that  no  two  of  the  gears  on  B  may  be 
clutched  at  the  same  time,  the  proper  connections  for  the  desired 
speeds  being,  of  course,  indicated  by  notches  on  the  quadrant  of 
the  shifting  lever,  or  in  some  similar  fashion.  The  power  trans- 
mitted from  C  to  Z>  or  £  of  the  shaft  A  rotates  the  sleeve  on 
shaft  B  through  the  spur  that  is  held  in  gear  by  the  cam-oper- 
ated clutch.    The  rotation  of  the  sleeve  on  B  being  thus  accom- 
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plished,  the  shaft,  B,  and  its  sprocket  pinions  are  driven  in  the 
desired  direction,  through  the  differential  system  at  //.  The  ad- 
vantages of  this  device  are  obvious,  since  it  required  no  shifting 
of  the  gears  whatever,  and  as  all  changes  of  speed  and  power 
ratio  are  controlled  by  a  readily  manipulated  clutch  mechanism. 
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Fio.  «52.— The  Didier  Two-apeed  Tricycle  Oear.  A  rotating  clutch  pulley,  K,  slides  on  a 
feather  on  the  main  shaft,  its  position  being  shifted  to  the  right  or  the  left  by  the 
arm,  J,  of  the  lever,  H,  actuated  by  the  handle  as  shown  at  the  top  of  the  jlgure. 
When  it  is  moved  to  the  left  it  engage^)  the  spur  oinion,  C,  which  meshes  with  the 
mam  drive  gear,  B.  thus  driving  tlie  cycle  at  the  tlrst  or  lowest  speed.  When  it  is 
moved  to  tlie  right  it  engages  the  spur  pinion.  F,  the  rotating  clutch,  Q,  also  engag- 
ing the  pinion.  A,  on  the  second  shaft,  so  that  F  drives  D  through  E  and  B  througli 
A,  thus  givmg  the  second  speed.  The  relative  position  of  the  six  gears  is  indicated 
by  the  diagram  to  the  Ifft  of  the  flgure. 

The  Didier  Speed  Gear  lor  Cycles. — Another  form  of  speed- 
changing  device,  constructed  with  permanently  meshing  spur- 
wheels,  which  may  be  thrown  in  and  out  of  gear  by  the  use  of 
suitable  clutches,  is  the  Didier  two-speed  transmission  for  motor 
tricycles.  As  shown  in  an  accompanying  illustration,  it  consists 
of  two  sets  of  gear  wheels,  arranged  on  opposite  sides  of  a  suit- 
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able  frame.  A  square  portion  of  the  crank  shaft  carries  a  pinion, 
K,  having  two  claw-clutch  surfaces,  which  may  be  slid  in  either 
direction  by  the  lever  bearing  on  its  thimble.  When  the  claw 
clutch  is  moved  to  the  left,  as  shown  in  the  figure,  by  operating 
the  lever,  H,  the  loose  pulley,  C,  is  thrown  into  gear  with  the 


Fio,  S5S.— The  WlntonChsjiseSpeedftndReTeraiQit  Gear.  A  and  B  are  spur  K«&rs  keyed 
to  the  craak  shaft  of  the  laotor.  C  Is  a  sprocket  and  D  b  eear,  of  one  piece  wiin  It, 
which  turn  loose  od  the  matn  ahatt.  E  und  E'  are  Irlctiou  dbwa  which  connect  C 
and  D  to  tbemaln  Bh*rt  vhen  the  elutch,  O,  la  thrown  In.  K.  Land  Nare  apurgean 
keyed  to  the  countershaft,  and  meshing  with  D,  A  and  E  as  shown.  When  dutch  Q 
Is  thrown  In.  the  flrst  speed  forward  Is  obtained;  when  clutch  H  Is  thrown  In.  the 
.i^,^A  ..,_^i  t—^.^A-  ....I  .ikor.  M..i,.k  V  I.  .hw.u,n  I..  >v,_  reverse.  The  clutch™, 
,n  idler  pinion  rerenlog 


rotating  shaft,  and  turns  the  main  drive-wheel,  B.  at  the  lowest 
speed.  The  second  and  higher  speed  forward  may  be  obtained 
by  shifting  the  clutch,  K,  to  the  right,  so  as  to  bring  the  loose 
spurs,  A  and  F,  into  gear^  thereby  enabling  the  motion  of  the 
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motor  to  be  transmitted  through  wheels,  F,  £  and  /?,  to  pinion, 
A,  which  also  drives  the  main  drive- wheel,  B,  at  a  speed  propor- 
tionate with  the  reduction  obtained  through  the  interaction  of 
Fy  E  and  D.  This  is  a  simple  example  of  speed-changing  device, 
having  several  points  in  its  favor,  although  it  is  hardly  suitable 
for  use  on  vehicles  larger  than  tricycles.  It  gives  a  general  idea 
of  the  mechanism  employed  for  clutching  loose  gears  on  a  ro- 
tating shaft. 

The  Winton  Change  Speed  Gear. — ^The  Winton  change- 
speed  gear,  shown  in  an  accompanying  illustration,  is  a  simple 
practical  mechanism  of  the  general  type  under  discussion,  which, 
by  the  use  of  three  pairs  of  interlocking  spurs  and  three  friction 
clutches  of  familiar  type,  can  give  two  forward  speeds  and  a 
reverse.  Briefly  explained,  the  mechanism  is  operated  as  follows : 
The  shaft  of  the  engine  carries  two  spur  wheels,  A  and  B,  keyed 
in  the  position  shown,  and  a  sleeve  carrying  the  sprocket,  C,  and 
the  spur  wheel,  D,  The  main  shaft  and  the  sleeve  are  caused 
to  rotate  together  through  the  contact  surfaces  of  the  friction 
clutch,  £.  To  obtain  the  slow  speed  forward,  the  clutch,  F, 
is  thrown  on  by  shifting  the  thimble,  G,  thus  bringing  the 
sleeve,  carrying  the  sprocket,  C,  and  the  gear,  D,  into 
operative  relations  with  the  main  shaft  through  the  friction 
clutch,  E.  The  second  speed  forward  may  be  obtained  by  throw- 
ing in  clutch,  //,  by  sliding  the  thimble,  /,  and  power  is  then 
transmitted  from  the  gear.  A,  which  is  fast  on  the  main  shaft, 
through  K  and  L  on  the  countershaft  to  spur,  D,  which  is  screwed 
to  the  sleeve  on  the  main  shaft,  in  rigid  relation  with  the  sprocket, 
C.  Similarly,  the  reverse  movement  is  obtained  by  throwing 
on  the  clutch,  M,  by  sliding  the  spindle,  /,  in  the  opposite  direc- 
tion, with  the  result  that  the  motion  is  transmitted  from  the  main 
shaft  to  gear,  J9,  to  gear,  A^,  through  the  intermediate  idler  gear, 
P,  to  the  countershaft,  and  thus,  through  L  and  Z>,  to  sprocket, 
C.  While  this  gear  is  exceedingly  simple  and  practical,  it  would 
be  obviously  difficult  to  obtain  very  many  more  speed  variations 
without  a  suitable  application  of  levers  and  shifting  devices. 
However,  since  the  motor  of  the  Winton  carriage  is  regularly 
controlled  by  an  ingenious  throttling  device,  to  be  explained 
later,  it  is  not  so  essential  to  provide  for  a  much  more  extensive 
range  of  mechanically  shifted  speed. 
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sciy:  H  and  J.  udh  tu»t  iiKe),-™!  wltU  0:  K, 
coanVL-tfil  between  bearinss  M  and  N:  P.  roi^'eil 
In?  on  O;  Q.  lug  al  end  ol  P;  R.  an  wljuxlmR 
rled  on  Ilio  Bamc  pivot  as  K;  T.  aquars  portion  al 

doB,9:  V.an  lUli-r  pinion  Bivlns  rcvprse  movem __ 

and  F"  are  in  pear.    W  14  a  apool  for  engag-inB  a  lever  In  Hlidlna 

the  four  flneera,  C",  D",  E",  f"\  I  and  Y,  luin  Forcliil  -■-•-■ 

F':  Z.  ebaDiieU  In  vhtcli  the  four  favs^n  of  the  sleeve 


pivoted  al  L  01 

ainst  doR,  S,''^- 
vjlilch  1h  attached 

.'he  sTeeveXa^ne 
K,  on  C",  V,  E'  and 
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The  Haynes-Apperson  Change  Gear. — A  considerably  more 
complicated  clutch  and  loose  gear  speed-changing  mechanism  is 
found  in  the  Haynes-Apperson  transmission,  the  details  of  which 
are  shown  in  accompanying  illustrations.  It  consists  of  two 
parallel  shafts,  A  and  B,  the  former  being  driven  direct  from  the 
crank  as  shown,  and  having  four  gears,  C,  D,  E  and  F,  keyed  in 
its  length.  The  countershaft,  B,  also  carries  four  loose  gears, 
C,  D\  E  and  F\  each  of  which,  as  will  be  subsequently  ex- 
plained, is  bolted  to  a  drum,  as  shown  in  the  illustration.  Each 
of  these  brake  drums,  with  its  attached  gear,  turns  loose  on  a 
separate  drum,  G,  which  is  keyed  to  the  countershaft,  all  of  the 
attached  gears,  however,  being  able  to  turn  through  the  motion 
imparted  from  their  mates  on  the  main  shaft,  without  transmit- 
ting power  to  the  driving  mechanism.  As  may  be  readily  under- 
stood, in  order  to  transmit  power  through  any  one  of  the  gears 
on  the  countershaft,  it  is  necessary  to  make  it  rigid  with  its  drum, 
G,  which  is  keyed  to  the  shaft,  as  already  stated.  For  this  purpose 
a  somewhat  complicated  mechanism  is  employed. 

As  will  be  seen  in  the  separate  cut,  each  one  of  the  drums,  G, 
carries  two  arms,  H  and  /,  fixed  diametrically  opposite  one  an- 
other. On  the  arm,  //,  is  carried  a  lever  arm,  Ky  pivoted  at  L, 
and  having  a  short  angle  of  movement  by  the  attachment  of  its 
pivot  to  the  bearings,  shown  at  M  and  N.  On  the  two  extremi- 
ties of  the  arms,  //  and  /,  are  carried  brackets,  which  hold  the 
leather  brake  band  against  the  circumference  of  the  drum  turn- 
ing loose  on  G.  One  end  of  this  brake  band  is  riveted  to  the 
brake  on  //,  the  other  to  a  forged  strap,  F,  having  at  its  ex- 
tremity the  lug,  Qy  through  which  works  the  adjusting  screw, 
Ry  whose  point  bears  against  the  dog,  i".  This  dog,  5,  is  carried 
on  the  square  section,  T,  of  the  shaft  attached  to  the  lever  arm, 
Ky  already  mentioned;  so  that  a  slight  movement  of  the  lever, 
Ky  to  the  left,  is  imparted  to  the  dog,  S,  whose  point  bears 
against  screw,  F,  on  the  lug,  Q;  thus  drawing  the  strap,  F,  tight 
around  the  drum,  which  is  thereby  made  rigid  with  the  sleeve, 
G,  keyed  to  the  shaft,  B.  By  this  means  the  gear  attached  to 
that  particular  drum  imparts  the  motion  transmitted  to  it  from 
its  mate  on  the  shaft,  Ay  to  the  countershaft,  B,  such  motion 
varying  in  speed  according  to  the  ratios  between  the  meshed 
gears.  The  act  of  giving  the  required  axial  movement  to  the 
lever  arm,  Ky  is  performed  as  follow^s : 
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The  sleeve,  W ,  sliding  on  the  countershaft,  5,  carries  four 
fingers,  C,  D'\  £",  F",  of  differing  length,  as  shown  in  the  fig- 
ures. In  the  extremity  of  each  of  these  fingers  is  a  lug,  such  as 
is  shown  at  X  and  Y ,  the  object  of  which  is  to  engage  the  point 
of  the  lever,  A",  on  some  one  of  the  four  arms,  //,  thus  causing 
it  to  move  its  dog,  S ,  and  tighten  the  brake  band,  as  already  ex- 
plained. In  order  to  accomplish  this  act  without  interference, 
the  positions  of  the  levers,  K,  and  of  the  dogs,  S,  differ  in  each 
brake  drum.  On  drum,  C,  for  example,  it  is  at  the  top  of  the 
shaft;  in  £'  it  is  at  the  bottom;  while  in  U  and  F'  it  is  on  the 
right  angle  in  either  direction.  For  this  reason,  as  may  be  un- 
derstood from  the  cut,  the  four  fingers  carried  on  the  sleeve,  W , 
are  similarly  disposed,  in  order  that  their  lugs,  X  or  Y ,  may  en- 
gage the  point  of  the  particular  lever.  A",  which  it  is  intended 
to  actuate,  without  interference.  In  order  that  the  fingers,  AT, 
may  slide  through  the  drum,  G,  keyed  to  the  shaft,  B,  four  suit- 
able channels  penetrate  the  entire  series  of  drums,  G,  as  shown 
at  Z  in  the  several  cuts. 

The  sliding  sleeve,  W ^  is  shifted  by  a  lever  working  on  the 
thimble  on  its  outer  extremity,  and  by  causing  its  fingers  to 
penetrate  the  channels,  Z,  more  or  less,  can  give  three  speeds 
forward  and  a  reverse.  The  reverse  is  accomplished  when  the 
lug  on  the  finger,  F'',  engages  the  lever,  A,  on  the  sleeve,  G,  be- 
longing to  drum  and  gear,  F\  which  act  enables  the  motion  of 
pinion,  F,  on  shaft,  /i,  to  be  transmitted  through  the  idler,  F,  to 
F\  which  will,  of  course,  rotate  in  an  opposite  direction  to  F, 
thus  reversing  the  motion  of  the  shaft,  B,  The  carriage  is  driven 
by  a  chain  hung  on  the  sprocket  at  the  end  of  shaft,  B. 

The  Duryea  Transmission  Gear. — The  transmission  gear 
used  on  the  Duryea  carriages,  as  shown  in  section  and  part  plan 
in  the  accompanying  illustrations,  is  a  very  efficient  type  of 
transmission  operated  entirely  by  friction  clutches  of  large  sur- 
face, which  secures  long  life  and  easy  operation,  besides  doing 
away  with  the  wear  and  constant  danger  of  breakage  involved  in 
the  use  of  shifting  gears.  As  indicated  in  these  cuts,  the  small 
gear.  A,  is  secured  to  the  motor  shaft  against  the  fly-wheel  flange 
by  screw  threads.  Meshing  nito  the  gear,  A.  are  three  planet 
or  idle  gears  marked  A\  which  are  journaled  upon  studs  pro- 
vided on  a  triangular  frame  to  receive  them.     This  triangular 
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frame  is  journaled  upon  an  extension  of  the  motor  shaft,  by 
which  arrangement  the  planet  gears  are  held  concentric  with 
the  driving  gear,  A,  and  both  the  gears  and  their  supporting 
framework  are  further  held  in  alignment  with  the  various  parts 
to  which  they  may  be  attached  in  making  the  several  changes. 
This  triangular  frame  is  double,  one  part  being  formed  integral 
with  the  studs  and  the  other  part  attached  to  the  studs  by  nuts 


Fio.  866.— Front  Elevation  of  the  Duryea  Change  Speed  Gear.  The  lettering  here  refers 
to  the  same  parts  as  in  the  previous  llgure.  N  marlcs  the  position  of  the  lever,  M, 
when  pins,  P,  are  inserted  in  holes,  Y,  in  D.  M'  marlcs  the  position  of  lever  M  when 
pins,  r,  are  raised  from  holes  in  D.  K  and  R,  arms  of  the  spider,  carrying  the  three 
uller  pinions,  A',  and  sliding  in  a  groove  on  H  to  the  pins,  T  and  T'. 

on  their  projecting  ends,  which  latter  part  carries  the  reverse 
ring,  /-/,  while  both  parts  of  the  frame  form  supports  for  the 
clutch  pins,  P,  and  their  actuating  levers,  A/,  of  which  the  func- 
tions will  be  described  later.  Encircling  the  planet  gears,  A\ 
is  an  internal  gear,  X,  attached  to  the  slow-speed  ring,  J9,  which 
is  supported  upon  the  disc,  £,  by  projecting  lugs ;  w^hile  the  disc, 
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Ey  in  turn,  is  journaled  so  as  to  remain  concentric  with  the  motor 
shaft,  and  thus  support  the  internal  gear,  X,  in  concentric  rela- 
tion and  proper  alignment  with  the  other  parts.  Friction  bands, 
not  shown,  are  attached  to  the  framework  of  the  vehicle  and 
encircle  the  ring,  //,  and  the  ring,  B,  being  provided  with  levers 
by  which  either  band  may  be  caused  to  grip  its  corresponding 
ring  at  the  will  of  the  operator.  If  the  reverse  ring,  //,  is  gripped 
by  its  band,  the  planet  gear  studs,  with  the  attached  framework, 
will  be  held  stationarv  and  the  motion  of  the  motor  will  be  trans- 
mitted  from  the  gear.  Ay  through  the  planet  gears,  A\  to  the 
external  ring,  driving  same  in  a  reverse  direction,  as  shown  by 
the  arrows  in  the  plan.  If  the  slow-speed  band  is  gripped  upon 
its  ring,  B,  the  internal  gear  will  be  held  in  a  fixed  position  and 
the  motion  of  the  motor  will  cause  the  planet  gears,  A' y  to  roll 
around  mside  the  internal  gear  in  the  same  direction  as  the  gear. 
Ay  carrying  the  studs  of  the  planet  gears,  ^',  with  their  framework, 
slowly  in  a  forward  direction,  as  will  be  explained  later.  If  all 
parts  are  locked  together  in  any  convenient  manner  so  as  to 
prevent  relative  motion,  they  will  then  move  with  the  motor  and 
cause  the  driving  sprocket  to  move  at  high  speed  forward,  while 
if  no  clutch  is  in  engagement  the  motion  of  the  motor  will  turn 
the  gears  idly  without  producing  motion  of  the  sprocket. 

More  specifically,  these  various  motions  are  accomplished  as 
follows : 

The  planet-gear  frame  is  normally  held  in  engagement  with 
the  sprocket  carrying  disc,  D,  by  means  of  the  pins,  P,  so  that, 
holding  the  internal  gear,  X,  by  means  of  the  slow-speed  band — 
the  other  clutches  being  released — it  carries  the  sprocket  for- 
ward at  slow  speed.  Since  the  planet-gear  frame  and  the  disc, 
/>,  are  normally  in  engagement,  it  is  evident  that  clutching  the 
ring,  Xy  to  the  disc,  D,  will  prevent  relative  motion  of  the  planet 
gears  and  the  internal  gear,  and  thus  cause  the  sprocket  to  be 
carried  at  the  speed  of  the  motor.  This  effect  is  produced  by 
means  of  conical  friction  surfaces  on  D,  engaged  by  comple- 
mentary surfaces  inside  the  ring,  B,  and  the  disc,  £,  which  sur- 
faces are  brought  in  contact  by  means  of  the  wedge,  C,  bearing 
against  the  disc,  £,  under  the  roller  attached  to  the  lug  project- 
ing from  the  ring,  B,  This  wedge,  C,  is  operated  by  a  shifting 
collar,  F,  and  toggle  link,  G,*  a  shifting  lever,  not  shown,  being 
attached  to  the  outer  ring  of  the  ball  bearing,  F*,    The  section 
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shows  these  surfaces  in  engagement;  releasing  being  effected 
by  moving  the  shifting  collar,  F,  toward  the  sprocket,  which 
withdraws  the  wedge,  C,  and  permits  the  friction  surfaces  to  be 
separated  by  the  spring  shown.  The  large  surfaces  and  the  toggle 
and  wedge  arrangement  for  closing  them,  secure  a  very  powerful 
pressure  with  little  shifting  effort,  while  the  disc,  D,  is  ordinarily 
surfaced  with  brass,  which,  having  a  higher  expansion  co-effi- 
cient than  the  cast  iron  against  which  it  bears,  is  rapidly  heated » 
in  case  of  slipping,  and  becomes  self-tightening  by  expansion. 
Releasing  all  the  clutches  allows  the  sprocket  with  its  disc,  £>, 
and  the  planet-gear  frame  to  stand  idle  while  the  internal  gear 
revolves  freely  in  a  reverse  direction,  as  shown  by  the  arrows, 
although  the  motor  may  be  running. 

The  reversing  effect  is  secured  by  holding  the  ring,  //,  w^hich 
is  mounted  on  the  arms  of  the  planet-gear  frame,  in  such  a 
manner  that  the  frame  may  move  a  short  distance  before  it  is 
stopped  by  pins,  T ,  which  motion  moves  the  lever,  iU,  into  the 
dotted  position,  M\  and  withdraws  the  pin,  F,  from  engagement 
with  the  disc,  D,  thus  separating  the  planet-gear  frame  from  the 
sprocket  disc,  I).  Since  the  pins,  T\  prevent  further  movement  of 
the  planet-gear  frame,  while  the  disc,  D,  is  free  to  move  in  any 
direction,  it  is  evident  that  the  motion  of  the  motor  will  drive 
the  internal  gear,  X,  in  the  reverse  direction,  and  that  clutch- 
ing the  gear,  A',  to  the  sprocket  disc,  D,  by  means  of  the  high- 
speed clutch,  will  cause  the  sprocket  to  be  carried  in  the  reverse 
direction  along  with  the  gear,  X.  It  is  further  evident  that  re- 
leasing the  high-speed  clutch  will  stop  the  reverse  movement 
of  the  sprocket,  while  releasing  the  reverse  ring,  //,  will  permit 
the  pins,  F,  to  resume  their  normal  position,  under  the  action  of 
their  springs. 

The  whole  device  is  quite  compact,  and  therefore  readily 
placed  by  the  side  of  the  motor,  on  a  short  extension  of  the 
motor  shaft,  which  being  removable  permits  the  entire  power 
gear  to  be  quickly  assembled,  or  removed  for  inspection  or  re- 
pairs. Further,  the  power  is  transmitted  from  the  driving  gear, 
A,  to  the  various  clutch  surfaces,  in  approximately  a  single 
plane,  which  lessens  the  torsion  strains  on  the  various  parts  and 
gives  great  strength  with  little  weight  of  material.  All  parts  are 
concentric  or  balanced,  and,  therefore,  adapted  for  use  at  high 
speeds,  while  removable  bushings  secure  long  life. 
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The  driving  sprocket  is  the  outermost  portion  of  t!ie  gear  and 
may  be  removed,  for  the  substitution  of  a  larger  or  smaller  one, 
by  loosening  a  single  lock  nut  after  the  shaft  bearing  is  removed. 

The    De    Dion    &.     Bouton    Speed    Gear.— The    two-speed 

transmission  of  the  De  Dion  &  Bouton  carriages  is  shown  in 
two  sections  by  accompanying  illustrations.     Briefly  described, 


Fio.  S57.— LonKituiliofll  R^etiori  IhroURh  the  De  Dion  «  Bouton  Tivo-spepd  Change  Opht. 

it  consists  of  a  hollow  driving  shaft,  A,  on  which  are  two  loose 
gears  and  their  clutch  drums,  C  and  D,  and  a  secondary  shaft, 
to  which  are  keyed  two  spur  pinions,  G  and  H.  Within  the 
hollow  driving  shaft,  A.  slides  a  round  shaft,  S.  upon  the  ex- 
tremity of  which  is  carried  a  right  and  left  handed  screw,  t/,  as 
shown.  This  rod,  S.  is  arranged  to  slide  in  the  hollow  shaft.  A, 
its  motion  being  controlled  by  a  rack  and  pinion   movement 
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Operated  by  a  sprocket,  as  sliown  in  the  external  view  of  this 
mechanism.  The  object  of  sUding  the  rod,  S,  within  the  hollow 
shaft  is  that  the  right  and  left  handed  screw,  V,  may  operate  as 
a  rack  to  impart  a  certain  axial  movement  to  the  pinions,  O,  P, 
Q  and  R.  As  shown  in  the  transverse  section  of  this  mechanism, 
these  pinions  are  mounted  on  right  and  left  threaded  axles, 
screwing  into  adjustable  bearings  or  sleeves.     Consequently,  as 


Fia.  368.— Oroaa  Section  through  llie  De  DioQ  &  BoutOQ  T>ro-«peed  Change  Speed  Oear. 

may  be  understood,  the  longitudinal  movement  of  the  screw 
rack,  turning  the  pinions  on  their  screw  axles,  tends  to  force 
them  in  or  out  of  the  sleeves  in  which  they  work.  The  result  is 
that  the  segments,  K  and  L,  shown  in  transverse  section,  are 
forced  firmly  against  tlie  internal  circumference  of  the  drum, 
D,  thus  clutching  it  and  producing  a  rigid  driving  connection 
between  the  hollow  rotating  shaft.  A,  which,  in  its  rotation,  car- 
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ries  around  the  entire  system,  including  the  internal  rod,  S, 
double  screw,  V,  and  the  pinions,  O,  P,  Q  and  R.  This  rotative 
movement  is  insured  by  the  slides,  A/,  A',  with  which  the  seg- 
ments, A'  and  L.  are  always  in  fixed  relations.  The  opera- 
tion of  disengaging  the  one  clutch  is  always  contemporaneous 
with  the  engaging  of  the  other,  through  the  pinions,  0,  P,  and 
the  left-hand  operation  of  the  double  screw.  As  may  be  under- 
stood, the  speed  of  the  carriage  varies,  according  to  the  gear  that 
is  in  mesh  with  the  pinions  on  the  countershaft,  since,  being  of 


Fio.  list.  Tta.  8W. 

Fi08.aM,MV.— De  Dion  £  BoutOD  Bevsraing  Gear.  Ala  the  L'ountpr-sh&n  ptwlng  tlirouRh 
Ihechange  speed  Rear;  B,  a  spiirplnioii  fordrlvLnR  direct  to  tlie  differentlnl  g»ar,  Hlld 
hitvliiic  a  DevEl  gvar  at  one  end  enEnelnE  the  bevel  pininnB,  C  and  D:  E.  a  bevc^l  «par 
keyeifto  A  at  fi  Q.  a.  nut  holdlni;^  In  place.  H  Is  a  Bleevp  on  A.  on  which  Rear.  B, 
turns  loosely.  J  and  J  are  BprlDjjs  attached  to  the  brake  drum.  K.  and  holding  the 
bevel  pinions.  C  and  D.  agaiiwt  the  stop  pieces.  M  and  M.  The  reverse  motion  is 
obtained  when  the  band.  L,  is  tlshtened.  prevenlins  the  rotation  of  K  and  drawing 
iievel  pinions.  C  and  1),  from  engagement  wilh  slop  pieces,  M  and  M,  thus  allowini; 
them  to  rotate  on  their  own  axes  and  reven-lng  the  motion  Imparted  by  drive  pinion 
B  to  Ita  bevel  gear  end.    Tlie  bevel  pinions,  C  and  D,  are  studded  to  atwo-arn.rd 

different  diameters,  the  speed  and  power  ratios  are  varied  ac- 
cordingly. In  former  models  of  this  speed -changing  gear  a 
plain  double-rack  arrangement  was  employed,  instead  of  the 
double-threaded  rod,  as  shown  in  the  present  illustration.  The 
advantages  claimed  for  the  improved  device  are  that  any  wear 
may  be  readily  adjusted  without  removing  the  rod  from  the 
hollow  shaft,  A.  thus  disarranging  the  entire  mechanism;  all 
that  is  necessary  being  to  loosen  the  screw,  W,  fixed  in  the  slot, 
V,  and  rotating  the  rod,  S,  to  the  required  position. 
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CHAPTER   THIRTY-TWO. 

THE    DEVELOPMENT    OF  THE    GASOLINE    MOTOR  VEHICLE    BY 
GOTTLIEB  DAIMLER  AND   HIS   SUCCESSORS. 

Daimler's  Contributions  to  Explosive  Motor  Construction. — 

The  use  of  explosive  motors  for  propelling  road  vehicles  was 
made  possible  by  the  inventions  of  Daimler,  after  whose  designs 
practically  all  vehicle  motors  are  constructed  to  the  present  day. 
The  improvements  introduced  by  him  were  principally  those 
that  made  it  possible  to  use  a  mineral  spirit  or  liquid  fuel,  and 
the  attainment  of  a  higher  speed  than  was  possible  with  the 
older  engines  of  the  Otto  type.  With  increased  speed,  a  lighter 
weight  and  smaller  proportions  were  made  possible.  The  Otto 
engines  in  use  until  the  date  of  his  memorable  inventions  could 
attain  only  a  very  slow  speed,  both  on  account  of  the  compli- 
cated and  uncertain  slide  valve  arrangements  and  also  from  the 
system  of  igniting  the  charge  by  the  constantly  burning  gas  jet 
and  slide.  Daimler  struck  at  the  root  of  the  difficulties  and  con- 
structed his  earliest  types  of  engine  with  the  poppet  valves,  now 
in  universal  use,  and  with  the  familiar  hot-tube  ignition.  This 
latter  contrivance  alone  was  largely  instrumental  in  attaining 
the  end  of  high  speed,  since,  as  already  described,  ignition  is 
directly  due  to  forcing  of  fuel  mixture  into  the  incandescent 
tube  by  the  pressure  of  compression.  This  method  of  contact 
was,  of  course,  impossible  with  the  flame  and  slide  ignition,  as 
was  also  any  very  high  degree  of  compression.  Consequently, 
only  the  lowest  speeds  were  attainable  with  the  older  Otto  en- 
gines. Daimler,  furthermore,  constructed  his  cylinders  with  a 
stroke  long  in  proportion  to  the  total  content,  thus  permitting 
such  high  compressions  that  the  heat  of  the  cylinder  walls  was 
sufficient  to  produce  ignition  of  the  charge,  after  the  first  few 
strokes  ignited  by  the  hot  tube,  or  "priming-cap,"  as  he  called  it. 

Daimler  Valve  Governors. — The  inlet  valves  of  the  early 
forms  of  Daimler  engine  were  operated  by  atmospheric  press- 
ure acting  against  a  vacuum  created  by  the  out-stroke  of  the 
piston,  as  in  all  gasoline  cylinders  of  the  present  day.     His  ex- 
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haust  valves  were    positively    operated  with  the  familiar  cam- 

ictuated  piisli-rod,  although  the  cam  mechanism,  instead  of  work- 
ing on  a  secondary  shaft,  as  at  present,  consisted  of  two  eccentric 
grooves  on  the  face  of  one  of  the  inclosed  fly-wheels,  in  which 
traveled  a  feather  at  the  end  of  the  valve  rod. 

By  means    of    a   switch  operated  by  a  simple  governor,  the 


Fm.  aitf.— Diagram  or  Ihe  earliest  Daimler  Oaaoline  Motor;  used  OD  Dftimler'i  Qrxt 
bicjglp.  The  paria  are  tudioaltil  by  numbers  as  follows:  IT  Is  the  driving  bell 
pasoine  arounil )tie  iMilley  on  llie  main  sliaft  ami  lijfhtBned  by  Jockey  pulley,  19.  anil 
link,  SI,  SI  IB  a  rotary  far..  ooiihiHtiiiK  of  a  number  of  radial  hoa  as  shown,  wbleh 
kei'ps  a  current  of  air  passing  throusb  the  air  Javket,  SS.    34  Is  the  cylinder  ahowo  In 

feather  running  in  the  cam  groove  could  be  shunted  from  its 
regular  course,  so  as  to  run  in  a  nearly  circular  path,  thus  giving 
no  motion  to  the  exhaust  valve,  and  keeping  it  closed.  So  soon, 
however,  as  the  speed  began  to  fall  to  the  normal,  the  governor 
again  shifted  the  switch,  with  the  result  of  again  resuming  the 
operation  of  the  valve,  and  exhausting  the  burned-out  gases  con- 


GASOLINE  VEHICLE  DEVELOPMEMT. 


477 


tained  within  the  cylinder.  The  shunting  governor  was  speedily 
replaced  by  another  form  of  valve-controlling  device,  in  which  a 
centrifugal  ball  governor  on  the  main  shad  was  arranged  to  move 
a  sliding  sleeve  outward  and  actuate  an  upright  lever.    The  upper 


jftbe  Daimler  V-ahaped  Oacoline  Eneine.  abowlngi 

:eiiirlq  cam  grooves  ou  tbe  fly-wheel  aiHc.    The  met 


arm  o(  this  lever,  moving  inward  toward  the  cylinder,  deflected 
the  push-rod  working  in  the  cam  grooves,  so  as  to  make  it  miss 
the  end  of  the  valve  rod,  thus  causing  the  valve  to  remain  closed 
until  the  speed  again  (alls  to  normal,  A  governing  device  of 
this  description  is  shown  in  an  accompanying  figure. 
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Tbe  Piston  Air  Valve  of  the  Daimler  Engine. — Another 
feature  of  the  earlier  Daimler  engines  was  the  supplementary 
air  valve  in  the  piston,  the  location  and  general  construction  of 


Fio,  *M.-Tlic  DoimI 


til  pnrl4  attocbeU. 


which  is  shown  in  the  half- sectional  view  of  the  \'-shapecl  engine. 
The  object  was  to  compensate  the  imperfect  operation  of  the  sur- 
face cnrburetters  used  with  these  engines,  and  secure  the  in- 
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jection  of  a  sufficient  additional  quantity  of  air  to  secure  tlie 
combustion  of  the  charge.  The  operation  of  this  valve  involved 
that  the  crank  chamber  should  serve  as  a  reservoir  tor  air  admitted 
through  a  valve  in  Its  wall  under  suction  of  the  piston  during  its 
in-stroke.  On  the  out-stroke  of  the  piston  which  draws  in  the 
fuel  mixture  through  the  inlet  valves,  the  piston  air  valve  is 
caused  to  open,  by  the  superior  pressure  of  the  air  in  the  crank 
chamber  and  in  front  of  the  piston.    As  shown  in  the  half-sec- 


Fio.  355.— One  type  of  (taa  Engine  Gtovemor,  whicli  Is  an  improvccl  variation  of  the 

weights;  B  »na  b;  bell  cnnkH  actuating  the  llnSa,  Oand  C,  as  the  balls  move'out- 
waril  nslBtlntc  the  Ifiision  of  BprliiK.  S.  and  alliline  slet've,  D,  on  the  shaft.  H.  E  is  a 
lever  arm  attachtHl  Co  D.  wliich  muvee  the  sliaR,  Q,  by  contact  at  F.  hh  shnxn,  thus 
throvring  the  pick  blade,  H,  out  of  contact  wlili  ilii!  end,  J,  of  the  eihaiut  valve  rod. 

tional  drawing  of  the  V-shaped  engine,  the  valve  spring  bears 
at  one  end  against  the  inside  end  wall  of  the  trunk  piston  and 
at  the  other  against  a  shoulder  sliding  on  the  valve  stem.  On 
the  out-stroke,  accordingly,  this  shoulder  comes  into  contact 
with  the  fork  shown  on  an  upward  inside  projection  from  the 
lower  end  of  the  cylinder,  being  forced  upward  and  compressing 
the  spring  against  the  upper  wall  of  the  piston.  The  valve  rod, 
being  thus  relieved  from  spring  pressure,  is  free  to  rise  in  obedi- 
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ence  to  the  superior  pressure  of  the  air  within  the  crank  case, 
which  is  forced  in  as  the  fuel  charge  enters  from  the  opposite 
end.  During  the  firing  stroke  the  spring  is  similarly  compressed, 
although,  owing  to  the  greater  pressure  of  the  expanding  gases 
behind  the  piston,  the  valve  is  held  in  its  seat.    This  piston  valve 
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Fio.  31(5.— Governor  Mechanism  of  the  later  Daimler  Motors.  As  shown  in  this  cut,  the 
cam.  A,  bearing  upon  the  roller,  C,  lifts  the  arm,  D.  pivoted  at  K,  and  lield  in  position 
by  a  spring,  J.  By  lifting  arm,  D.  it  also  lifts  pusjhrod,  B,  which  opens  the  exhaust 
valve.  When,  however,  the  speed  of  the  motor  has  increased  Ijeyond  the  prede- 
termined limit  a  sleeve  of  varyin?  diameter,  sliding:  on  the  same  shaft,  L,  to  which 
the  cam,  A,  is  flxed,  is  moved  bo  that  the  larger  diameter  is  brought  to  bear  ag^ainst 
the  downwanl  extension,  H,  of  the  arm,  F,  tlnis  causing^  F  to  incline  on  the  pivot,  K, 
toward  the  cylinder  (at  the  riglit  as  in  the  cut),  hence  pushing  rod,  B,  by  link,  E,  out 
of  range  of  arm,  D,  as  it  is  moved  upward  by  impulse  from  cam,  A.  In  this  case  the 
exhaust  valve  is  not  opened  and,  tne  products  of  combustion  being  retained  in  the 
cylinder,  there  is  no  feeding  of  fresh  fuel  gas. 


was  used  on  Daimler  engines  for  only  a  few  years,  its  function 
being  afterward  discharged  much  more  satisfactorily  by  adjust- 
able air  inlet  valves  in  connection  with  the  carburetting  and 
mixing  chambers. 
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The  V-Shaped  Two-Cylinder  Engine. — The  Daimler  motors 
are  now  manufactured  on  two  well-known  model?  :  single  upright 
cylinder  and  double  upright  parallel  cylinder  engines.  The  V- 
shaped  engine  was  at  one  time  the  typical  Daimler  engine.  The 
object  sought  in  its  design  was  to  secure  an  upright  construc- 
tion, with  the  full  effect  of  two  cylinders  operating  on  the  same 
crank,  thus  saving  both  space  and  weight,  in  a  manner  im- 
possible with  opposed  cylinders  of  long  stroke. 


^ 

v\\ 

1  1^ 

Fio.  867.— Mechanism  of  the  Peugeot  Variable  Exhaust  Valre  Lift.  A  is  a  link  attached 
to  spool,  J,  sliding  on  the  rotating  shaft,  H,  as  shaft  U  is  slid  backward  or  forward 
according  to  the  impulses  of  the  centrifugal  governor.  The  link,  A,  actuates  the 
lever,  B,  sliding  the  roller,  J,  on  shaft,  K.  The  roller,  J.  forming  the  fulcrum  of 
lever,  D,  being  thus  slid  backward  or  forward,  varies  the  lift  ox  valve  rod,  C,  as 
actuated  by  the  cam,  £,  bearing  upon  the  roller,  F. 


Water  Cooling:  and  Ignition  Devices. — In  the  early  engines 
of  the  Daimler  pattern  the  cylinder  cooling  was  accomplished 
by  means  of  a  rotary  fan  worked  on  the  crank  shaft  of  the  engine, 
and  forcing  the  air  through  a  form  of  jacket  surrounding  the 
entire  upper  portion  of  the  cylinder.    The  floats  of  this  fan  are 
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shown  at  the  points  marked  31  in  an  accompanying  illustration, 
and  the  jacket  at  33.  By  tliis  device  a  constant  current  of  cold  air 
was  forced  against  and  around  the  cylinder.  Of  course,  the  lat;r 
Daimler  motors,  designed  for  vehicle  use,  have  the  ordinary 
water-jacket  cooling  system,  any  form  of  air-cooling  being  evi- 
dently inadequate  to  the  demands  of  even  average  traffic. 

The  hot-tube  ignition  is  still  used  by  the  Daimler  companies 
of  Germany,  England  and  America,  as  also  by  several  of  the 
French  motor-carriage  builders  using  the  Daimler  engines.  This 
system  is  successful  on  account  of  the  long  stroke,  characteristic 
of  the  Daimler  cylinder,  which   gives  a  correspondingly  high 


'a  Ffrat  GnHollno  Propelled  Bicycle.    This  macbCne  1b  Hhown 
heel.  E.    A  1b  the  driving  puUej  oo  the  rear  wlieol;  B,  the 

compression  ratio,  involving  certain  and  efficient  ignition  of  the 
charge  at  high  speeds.  However,  certain  European  automobiles, 
such  as  the  Mercedes-Daimler,  have  latterly  been  constructed 
with  the  primary  circuit  break-contact  system,  with  current 
supplied  by  magneto-generators.  Some  of  the  later  Panhards 
are  equipped  with  the  jump-spark  ignition, 

Daimler's  Early  Hotor  Carriages.— The  first  application  of 
the  Daimler  motor  to  the  work  of  propelling  road  vehicles  was 
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made  in  1885,  when  Daimler  built  the  motor  bicycle,  or  veloci- 
pede, shown  in  an  accompanying  illustration.  The  motor  was 
hung  between  the  wheels  from  a  heavy  iron  framework,  and 
directly  above  it  was  the  seat.  Just  below  the  motor,  and  con- 
nected to  the  platform  on  which  it  rested,  were  two  auxiliary 
rollers  or  small  wheels,  which  could  be  drawn  up  or  lowered  by 
the  pressure  of  the  driver's  feet  on  a  pedal.  The  object  of  these 
rollers  was  to  afford  a  support  for  the  vehicle  when  the  motor 
was  not  in  operation. 

On  the  earliest  bicycle  of  this  type,  which  saw  its  first  success- 


Fio.  -MS.— The  Ftmi  Dalmlpr  Molor  CarDairB.  The  motor  wBS  connected  to  the  driving 
axle  by  two  belu;  one  for  hljib  B|:oc.i.  tha  other  for  cHmblne:  rither  beine  IbroKii 
Into  action  HSIbebeltHHiTe  lightened  by  jockey  pulley*,  US  itUavii  in  Fie.  317.  Bolli 
could  be  thrown  out  of  action  to  Mop  thu  carrlftse  without  utoilfilB*  Ihe  motor.  The 
forwanl  axle  of  IhlB  carriage  wiu  centre-pi  vol  rd  and  turned  o^-a  HRh  wheel,  us  In 
hone  can-luges;  the  steering  being  by  upright  pillar  rising  before  the  driver's  seat. 

ful  trial  on  November  10,  1885,  the  driving  was  by  a  belt  from 
a  pulley  carried  on  the  crank-shaft  to  another  one  of  larger 
diameter,  attached  to  the  rear  wheel.  The  motor  was  started 
by  a  crank  in  the  usual  manner,  and  the  power  was-thrown  upon 
the  vehicle  wheels  by  drawing  up  the  jockey  pulley,  thus  tight- 
ening the  belt.  While  there  were  no  provisions  on  this  bicycle 
for  varying  the  speed  during  travel,  it  was  possible  to  shift  the 
bell  between  two  pulleys  of  different  diameter  attached  to  the 
driving-wheel,  thus  securing  some  slight  variation. 
The  motor  used  in  connection  with  this  bicycle  was  a  Daimler 
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upright  single-cylinder  engine,  such  as  has  already  been  de- 
scribed. The  connections  and  manner  of  shifting  the  jockey 
pulley  or  idler,  lised  for  tightening  the  belt,  are  shown  in  the 
detailed  cut  of  the  motor.  The  belt  transmission  used  on  the 
early  bicycles  is  practically  the  device  used  on  Daimler's  motor 
carriages  for  a  number  of  years.  As  a  matter  of  fact,  numerous 
writers  speak  of  this  form  of  transmission  as  a  typical  feature. 

The  earliest  four-wheeled  vehicle  propelled  by  a  Daimler  motor 
was  built  in  1886.  It  seems  to  have  been  a  modified  horse  car- 
riage, having  the  forward  axle  turned  by  an  upright  steering 


PiO.  871.— Twt^sealod   Pleasure  Carriatre  for  nnenJ   um;   built   by  the   Caim»tftdt- 
Daimlrr  Co. 

pillar  and  hand-wheel,  and  with  driving  pulleys  secured  to  each 
of  the  rear  wheels.  As  shown  in  an  illustration,  which  was  re- 
produced from  a  German  book,  a  motor  of  the  same  general 
type  as  that  used  on  the  bicycles  was  placed  behind  the  forward 
seat,  and  imparted  its  power  direct  from  the  main  shaft  to  the 
driving  pulleys  on  the  rear  wheels.  In  the  later  Daimler  car- 
riages four  speeds  were  obtained  by  four  pulleys  of  different 
sizes  on  the, main  shaft,  and  four  others  on  a  countershaft,  the 
system  of  tightening  the  belts  by  idlers  being  still  followed,  as 
explained  in  the  chapter  on  speed  gears. 
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The  Work  of  Panhard-Levassor  and  Others. — One  of  the 

most  important  chapters  in  the  history  of  gasoline  motor-vehicle 
development  is  to  be  found  in  the  work  of  the  French  firm  of 
Panhard  &  Levassor,  whose  name  is  still  regarded  as  among 
the  foremost  in  the  automobile  world.  This  firm  were  originally 
manufacturers  of  various  kinds  of  industrial  machinery,  and 
brought  to  the  manufacture  of  motor  vehicles  a  long  experience 
and  a  well-equipped  plant.  Evidently  foreseeing  the  possibili- 
ties of  the  Daimler  engine  and  carriage,  they,  in  1890,  secured 
the  French  rights  to  manufacture  both.  Thereafter,  for  several 
years,  other  French  manufacturers  of  motor  vehicles  using  the 


Fro.  a?S.— Heafy  Vlotorln  Ti)uriii=  Carriage;  buiU  By  ihe  CannhtaitiDnLmter  Co.  Tbfa 
type  of  eaiTiace  lian  be*n  wtiii-lv  used  in  varioua  parls  ot  Europe  for  touring,  and  has 
a  high  reputacioi)  for  hill  climbing. 

Daimler  motors  were  obliged  to  obtain  their  engines  from  Pan- 
hard-Levassor. 

Not  only  are  the  Panhard  vehicles  notable  from  the  fact  that 
they  were  among  the  earliest  successful  carriages,  but  also  be- 
cause, owing  to  the  vast  skill  and  experience  of  their  manufac- 
turers, they  embodied  principles  of  design  which  are  recog- 
nized as  the  most  excellent  tor  motor  carriage  purposes,  and 
some  of  which  must  certainly  continue  permanent.  Among  these 
excellent  elements  of  construction  may  be  mentioned  the  fact 
that  from  the  very  first  they  adopted  a  wooden  underframe,  at 
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first  sheathed  with  angle-iron,  later  consisting  of  wooden  bars, 
and  at  no  time  in  the  development  of  their  vehicles  did  they  waste 
time  and  ingenuity  on  the  steel  tubular  framework,  which  many 
manufacturers  still  seem  to  consider  essential  for  securing  the 
combined  ends  of  strength  and  lightness.     Among  the  earliest 


Plo.  8T3  .—Plan  ol  the  body  and  underfrtune  of  the  average  wo^ght  Panhord-LeTiiHor 
Caj-rlage.sbowlnB  machinery  aoJ  KeneraJ  appwfttufl  In  position.    A  (stho  osBscon- 

eearcase;  ll,  the  braliing' lever:  L,  the  reversing  lever;  L".  xpeed  cbanglng  lever; 

forward  wheeH;  T,  the  Bteerlng  sear;  U,  Ihe  motor  case;  V.  the  case  eneliMlnK  the 
Oynheel  and  main  clutch;  W,  the  attachment  tar  controlling  the  brakes;  Y,  the 
aajnatable  distance  rod  between  the  oarriap:  body  and  the  rear  wheels:  Fand  P, 
drums  for  the  band  brake;  (1).  female  cone  of  the  main  dutch;  (3),  male  cooe  of  the 


known  examples  of  steel  tubular  construction  was  tlie  PeugeOt- 
Daimler  carriage  of  1895.  1 

The  general  designs  of  Panhard-Levassor  were  adopted  by  the 
English  Daimler  Motor  Co.,  and  also  had  a  great  effect  on  the 
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subsequent  construction  of  the  German  manufacturers.  The 
earliest  types  of  their  carriages,  as  also  manufactured  by  Peugeot 
Brothers  and  the  English  Daimler  Motor  Co.,  were  equipped 
with  the  famous  V-shaped  Daimler  engine,  which  was,  however, 
of  not  more  than  6  H.  P.    Very  early  in  the  development  of  their 


eihaiut  valve;  D'.  eihauat  valve  roA;  B.  pushruil  octuftted  bv  the  cam-  F,  governor 
aUachment;  N.  wheel  on  the  cam  shan.  carrj'lne  the  Eovemor;  R.  Ihecentridi^l 
weiKhtBodhegoVBrnor;  K'.  the  EOvernur  B|jnnga;  R".  slTdinBcani  shatl;  9,  the  cam 
» el uallnjt  [he  eihauat  vaJves;  (*),  the  engine  flywheel  carrylug  the  female  cone  of 

carriages,  also,  this  firm  devised  and  constructed  the  speed- 
changing  gear,  which  has  already  been  described  under  their 
name.  A  very  similar  structure  was  used  on  the  Peugeot  car- 
riages, the  principal  difTerence  lying  in  the  fact  that  the  reverse 
motion  was  accomplished  by  throwing  into  gear  an  extra  spur- 
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Fio.  8TB,— RunnlUK  Oear  or  the  Heavy  Dell 
Daimler  Co..  ihowlug-  tba  m 


lunnlnit  Gear  of  the  Chaixon  carriftfre;  one  of  the  newer  msik 
■iaWta.  constructed  on  the  general  motlels  of  the  Panhard-Levaw 
carTli«c  is  shown  on  |ja«e  33U. 
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wheel  or  idler,  which  was  of  sufficient  length  along  its  spindle 
to  connect  together  two  spurs  on  the  interacting  shafts,  apart 
from  the  ordinary  process  of  shifting.  The  latter  description  ol 
gear  is  the  same  in  general  principles  as  was  used  on  some  of  the 
later  cars  constructed  by  the  Cannstadt-Daimler  Co. 

Another  structural  feature  of  the  Panhard  carriages  was,  fol- 
lowing along  the  now  accepted  Daimler  lines,  placing  the  motor 
over  the  forward  wheels  and  covering  it  by  a  sloping  fore-struc- 


Fra.  »7<.— DoBblo-TertiosI  Cylinder  Motor,  used  on  the  irigxim  manufaotored  by  tbe 
American  Datmler  Co. 

ture  or  bonnet.  With  the  Pciigeuts,  Benz,  Mors,  De  Dion,  and 
several  other  well-known  designers  and  builders,  the  usual  plan 
was  from  the  start  to  hang  the  motor  over  the  rear  axle,  and 
some  of  the  earlier  carriage  constructions  resulted  in  so  over- 
loading the  rear  wheels,  that,  according  to  some  authorities, 
steering  was  rendered  difficult.  As  the  science  of  vehicle  con- 
struction increased,  however,  this  difficulty  was  fully  overcome, 
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and  it  is  now  a  well-accepted  principle  of  construction  that,  while 
the  forward  axle  should  bear  its  own  part  of  the  load,  the  bulk 
of  the  weight  should  rest  over  the  rear  axle. 

Another  departure  soon  made  was  the  abandonment  of  the  V- 
shaped  Daimler  motor  and  the  substitution  of  the  parallel  double- 
cylinder  type,  now  in  common  use.  One  notable  feature  in  the 
development  of  this  type  of  engine  is  worthy  of  mention.  In 
the  earlier  models  used  by  Panhard-Levassor  and  by  the  Eng- 
lish Daimler  Motor  Co.  tlie  cranks  were  set  at  i8o  degrees,  so 
that  while  one  cylinder  was  performing  its  out-stroke,  the  other 
was  at  the  in-stroke.  This  arrangement  was  adopted  for  the 
purpose  of  securing  a  balanced  movement  by  the  neutralization 


Fio.  3n.— Change  Speed  Gear,  lued  onttae  lieavrjcasoline  delivery  TBgoiu 
by  the  Americikn  bikimler  Co. 

of  vibration.  With  the  later  Panhard  vehicles,  however,  both 
connecting  rods  were  made  to  work  on  the  one  crank,  ivith  the 
result  that  both  pistons  performed  their  out-stroke  and  in-stroke 
simultaneously.  The  balance  of  movement  and  the  end  of  secur- 
ing an  explosion  for  every  revolution  of  the  crank-shaft  were, 
however,  attained  by  making  the  explosion  stroke  in  one  cylin- 
der contemporaneous  with  the  suction  stroke  in  the  other,  and 
the  succeeding  strokes  of  the  cycles  in  both  in  the  same  order. 


CHAPTER   THIRTY-THREE. 

THE    DE    DION    CARRIAGE    AND    MOTOR. 

The  De  Dion  &  Bouton  Engine  and  Carriage. — Among 
the  machines  of  French  manufacture.that  have  attained  to  almost 
as  wide  a  reputation  as  the  Panhards  and  others  following  the 
Daimler  model,  we  may  mention  the  carriages  manufactured  by 
the  firm  of  De  Dion  &  Bouton,  of  Puteaux.  The  accompanying 
illustrations  of  the  De  Dion  motors  and  carriages  give  an  idea  of 
the  constructions  familiar  in  this  country.  The  motors,  although 
built  on  the  same  general  plan  as  the  typical  Daimler  vehicle 
engines,  with  the  enclosed  crank  and  fly-wheel  cases,  differ  from 
them  in  a  number  of  other  particulars.  As  may  be  seen  in  the 
accompanying  cuts,  the  cylinder  has  a  shorter  stroke  in  propor- 
tion to  its  total  content  than  has  that  of  the  typical  Daimler. 
The  water  jacket,  also,  extends  through  the  greater  portion  of 
the  stroke  instead  of  covering  only  the  cylinder  head  and  the  area 
included  in  the  combustion  chamber.  The  exhaust  valve  is  opened 
by  a  push  rod  actuated  by  a  cam  on  a  secondary  shaft,  but  no 
provision  is  made  for  governing  the  speed,  as  is  the  rule  with 
the  Daimler  engine.  That  function  is  accomplished  solely  by 
throttling  the  charge  by  means  of  a  lever  at  the  driver's  hand, 
as  in  a  number  of  other  carriages,  American  and  foreign.  The 
De  Dion  motor  was  one  of  the  earliest,  after  Benz,  to  use  the 
method  of  igniting  by  jump-spark,  the  details  of  the  circuit  ar- 
rangements having  been  already  explained. 

As  shown  in  Fig.  64,  the  running  gear  or  underframe  of  the 
De  Dion  carriages  is  of  steel  tubular  construction.  The  body 
also  rests  upon  another  tubular  framework,  which  is  hung  upon 
the  springs  carried  on  the  two  axle  shafts,  although,  like  the 
majority  of  French  machines,  the  general  mechanism  is,  from 
the  American  point  of  view,  somewhat  complicated.  The  nu- 
merous excellent  features  included  entitle  this  carriage  to  con- 
sideration among  the  best  of  its  class.  The  compensating  device 
for  securing  a  steady  operation  of  the  steering  mechanism  in 
spite  of  the  vibration  of  the  springs,  has  already  been  described 
in  connection  with  Fig.  79.    Also  the  system  of  universal  joints 
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on  the  rear  axle,  enabling  the  differential  gear  drum  to  be  hung 
from  the  body  frame,  thus  permitting  an  uninterrupted  spur 
drive,  as  shown  in  Fig.  80. 


)  alylo  used  on  light 

Power  Transmission  and  Braking. — The  main  shaft  of  the 
engine  is  connected  direct  through  the  coupHng  sleeve  with  one 
shaft  of  the  change-speed  gear,  as  already  described  in  a  previ- 
ous chapter,  and  the  secondary  shaft  of  this  same  gear  carries  a 
spur  pinion,  which  drives  on  the  spur  attached  to  the  compen- 
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sating  gear  drum.  The  speed-changing  gear  is  operated  by 
a  special  lever  on  the  common  steering  and  operating  pillar  be- 
fore the  driver's  seat,  and  the  reverse  is  attained  by  manipulating 
the  spur  lever,  which  throws  on  a  small  positive  dutch,  thus  re- 
versing the  motion  of  the  countershaft,  as  already  described. 
There  are  three  brakes,  one  having  its  drum  directly  to  one  side 
of  the  differential  gear,  which  is  operated  by  a  pedal  directly  in 
front  of  the  driver's  seat ;  the  two  others  for  use  in  emergencies, 
the  drums  of  which  are  attached  to  the  hubs  of  the  driving 
wheels,  and  may  be  manipulated  by  pressing  down  on  the  revers- 
ing lever,  already  mentioned.  The  motor  may  also  be  used  as  an 
effective  auxiliary  brake,  especially  when  coasting  down  hill,  by 
simply  cutting  out  the  electric  circuit  and  leaving  the  clutch 


„.(«  fairly  reprewntalfve 

ui  uiuBi  ui  [lie  tntxielii  of  ttib  moke. 

connected — allowing  the  cycular  operations  to  be  directly  re- 
versed. In  this  case  the  wheels  drive  the  motor  as  an  air  com- 
pression pump. 

The  various  operations  involved  in  operating  and  controlling 
a  De  Dion  carriage  are  explained  in  the  diagrams. 

Explanation  ot  the  Diagrams — The  Steering  and  Control. 

— Fig.  383  is  a  diagram  plan  of  the  De  Dion  carriage,  illustrating 
the  steering  and  gas  circulation  systems  and  the  conections  of  the 
control  levers  for  regulating  the  gas  supply  and  spark.  The 
steering  connections  are  indicated  by  the  lines  in  the  diagram 
as  follows:  At  A  is  shown  the  steering  handle  on  the  combined 
steering  and  control  pillar,  which  by  spur  pinions  and  rack  con- 
nections operates  the  link,  B,  which  turns  the  bell  crank  com- 
pensating gear.  C.  the  details  of  which  are  shown  in  Fig,  79,     As 
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may  be  understood,  from  reference  to  the  last  named  figure,  the 
link  bar,  by  means  of  ils  pivoted  connection  to  a  knob  at  the 
base  of  the  V-shaped  pieces  on  the  compensating  device,  moves 
the  links,  D  and  £,  giving  the  required  angularity  to  the  steer- 


by  the  cam, 
Ihreaileil  holi 
Tslve  rod,  wli 
Is  bolleil  lo  Cb 
which  Is  octui 
la.-lt.et  water 
base  of  the  j 
togpther  M  bI 


the  De  Dinii  &   bouioii 

!  formed  by  two  cvllnd 
I  mixture  bow  t] 

D  is  the  openTnB  . 


Wat«r-]acketed  Cairlaev  Hotor,  •hvi'lDC 

>wn  In  Vlg.  380.    The  partx  are  an  folh>w»: 

ical  pieces  boiled  Utgclher;  Bia  the  Inlel 

uiretter:  C  is  the  exhaust  valve,  (onued  of 

)y  a  lielical  spring,  F,  and  opened  at  deHnite  lQlerv«Js 

Ann  '<»'  Bci-ewliiK  on  the  compression  tapj  E  la  the 

F  is  the  Bpring  on  the  exbaiut 

tuy  auLUB  me  vaive  cinsea;  G  is  ttie  cast  iron  cyilnder  which 

iiMj  H  ia  the  exhaust  cam  eul  lu  one  piece  with  the  gear,  Q, 

lie  pinion.  P,  on  the  cranli  shaft:  I  is  the  port  ot  exit  for  the 

ig  through  the  larkel,  J,  the  iniet  being  al  a  point  near  the 

and  K  are  the  Hv- wheels,  or  eranldlisL-s,  which  are  Joined 

'n,  by  the  crank  pin,  N:  L  \»  the  piston  whose  conslnictlon  curre- 
lown  in  Fig,  384:  M  Is  the  connecting  rod  ot  drop-forged  steel;  N  is 


with  gear,  Q,  on  the  t 
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ing  arms,  E  £,  on  the  pivoted  stud  axles,  F  F.  As  previously 
explained,  the  compensating  device  enables  a  positive  steering 
action,  although  the  up-and-down  movement  of  the  springs  may 
constantly  alter  the  relations  between  the  body  and  the  run- 
ning gear. 

The  gas  circulation  system  is  also  indicated  by  letters,  the 
parts  being  shaded  in  dotted  lines.  Here  K  is  the  gasoline  stor- 
age tank,  from  which  the  liquid  gasoline  passes  to  the  vaporizer 
float  chamber,  shown  at  L.  From  the  float  chamber  it  passes  into 
the  vaporizer  mixing  chamber,  being  there  converted  into  gas 
by  mixing  with  the  air ;  and  by  the  suction  stroke  of  the  piston, 
it  is  drawn  into  the  combustion  chamber  through  the  tube,  Af , 
connected  direct  to  the  inlet  valve  of  the  cylinder.  The  tube,  /, 
is  fitted  with  a  bell-shaped  arrangement,  which  conveys  hot  air 
from  the  space  surrounding  the  exhaust  pipe  to  the  mixing 
chamber  of  the  vaporizer,  thus  insuring  a  perfect  mixture  of 
air  and  gasoline,  as  already  explained  in  connection  with  the 
De  Dion  vaporizer. 

The  levers  and  conections  controlling  the  gas  and  sparking 
systems  are  lettered  as  follows:  Of  the  two  directly  opposite 
levers,  shown  at  /?,  on  the  combined  steering  and  control  pillar, 
the  upper  one  moves  the  link,  0,  bell  crank,  iV,  and  the  link,  //, 
thus  controlling  the  sparking.  By  moving  this  lever  to  the 
right  the  spark  is  retarded,  by  moving  it  to  the  left  the  spark  is 
advanced.  By  this  means  the  speed  of  the  motor  may  be  dimin- 
ished or  increased,  as  desired.  The  lower  lever,  /?,  regulates  the 
quality  of  the  gas  and  the  quantity  that  is  permitted  to  enter  the 
motor  cylinder.  By  means  of  link,  5",  its  movement  is  com- 
municated to  a  bell  crank  on  the  top  of  the  vaporizer,  as  ex- 
plained in  connection  with  this  instrument,  thus  enabling  the 
desired  variation  of  the  gas  and  air  inlets.  This  lever  is  the  one 
used  for  controlling  the  speed  of  the  motor  by  throttling  the 
charge.  It  is  the  only  governing  action  commonly  used  with 
this  motor. 

The  Brakes  and  Speed  Control  System. — Fig.  384  similarly 
illustrates  the  connections  and  brakes  of  a  speed  controlling 
system.  There  are  three  powerful  brakes  on  this  carriage,  one 
shown  at  the  centre  of  the  rear  axle,  at  K,  and  the  two  auxili- 
arv  brakes  fitted  to  the  hubs  of  the  rear  wheels,  at  /  and  /. 
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The  band  brake,  K,  on  the  differential  drum,  is  operated  by  de- 
pressing the  foot  pedal,  //,  which  rises  through  the  floor  of  the 
carriage  to  the  driver^s  foot.  This  brake  releases  itself  as  soon 
as  the  pressure  of  the  foot  is  removed.  To  operate  the  auxiliary 
brakes  it  is  only  necessary  to  bring  lever,  G,  to  its  natural  posi- 
tion, thus  throwing  out  both  clutches,  and  then  pressing  down 
on  the  lever,  which  action  depresses  a  vertical  rod  running  in 
slides  fixed  to  the  steering  standard.  This  motion,  by  means 
of  simple  lever  connections,  partially  indicated  in  the  diagram, 
thus  compresses  the  bands  on  the  brake  drums,  /  and  /. 

As  previously  stated,  the  motor  may  be  used  as  an  effective 
brake,  particularly  on  down  grades,  by  interrupting  the  electric 
circuit  at  switch,  F,  as  shown  in  Fig.  332.  Under  usual  condi- 
tions this  act  would  cause  the  motor  to  stop,  but  when  going 
down  hill,  with  the  clutch  in  gear,  the  motion  of  the  carriage  will 
drive  the  motor,  exactly  reversing  the  usual  order.  The  air, 
being  constantly  drawn  into  the  cylinder  space,  is  compressed 
on  the  in-stroke  of  the  piston,  thus  furnishing  sufficient  resist- 
ance to  materially  decrease  the  speed  of  the  carriage. 

The  levers  and  links  for  controlling  the  speed  and  direction 
of  travel  are  also  indicated  in  this  diagram.  As  already  stated, 
the  lever,  G,  in  addition  to  its  braking  function,  operates  a  clutch 
by  a  backward  or  forward  motion.  At  the  lower  end  of  the  rod, 
to  which  this  lever  is  fixed,  is  a  horizontal  sprocket,  for  transmit- 
ting the  motion  given  to  the  lever  to  the  variable  speed  mechan- 
ism by  means  of  the  chain,  £,  to  a  second  spocket  wheel,  B.  The 
position  and  functions  of  this  sprocket  have  already  been  shown 
in  connection  with  the  description  of  the  change  speed  gear.  It 
actuates  the  clutches  through  a  rack  and  pinion  arrangement 
within  the  gear  case. 

The  reverse  is  operated,  as  already  explained,  by  means  of  a 
small  positive  clutch,  F,  which  is  operated  by  the  rods,  H  and  D, 
this  clutch  reversing  the  motion  of  the  countershaft,  under  vari- 
able speed  mechanism,  as  already  explained. 

Water  Circulation  lind  Starting:. — Fig.  385  shows  the  connec- 
tions of  the  water  circulating  system  and  starting  device  and  the 
connections  of  the  exhaust  from  the  motor ;  the  first  being  indi- 
cated by  the  full  lines,  the  second  by  dotted  lines,  and  the  third 
bv  broken  lines. 
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The  water  for  cooling  the  cyhnder  of  the  engine  by  passing 
through  the  jacket  space  is  contained  in  the  supply  tank  built  in 
the  front  of  the  carriage  body,  passing  througli  the  pipe,  C,  to  the 
circulating  pump,  0.  thence  through  the  pipe.  0',  to  the  cylinder 
jacket.  The  water  enters  the  jacket  through  the  side-port  at  the 
base  of  the  cylinder,  and  then  circulates  as  controlled  by  the  heat 
of  combustion,  passing  out  through  the  port  at  the  top  of  the 
cylinder,  and  forward  to  the  radiating  coils  by  way  of  pipe,  H, 


D.SSB.— F™h  viewof^Iiio  RuiinlngOear  and  Mechftnjsm  of  a  Typical  I>e  Dion  Carrill«c. 

"^  stwrtnB  haS§terK.'lh6 
e  poaition  of  Ihe  puxta 


troljiUar;  I,  liw  "vnriabllTpeeil  "control  "and  liralie;  J.  thP  BtccrtnB  hanSte;  K.ll 
mulBer;  L,  llie  radfaiin:;  ceil.    Thia  cut  shows  the  relative  position  of  Ibe  [iiir 


whence  it  is  returned  to  the  supply  tank  through  the  connections 
shown  at  the  left  hand  of  the  radiating  coils.  This  arrangement 
of  the  jacket  water  circulation  is  typical  for  all  carriages  using 
centrifugal  pumps. 

The  starting  arrangements  of  this  carriage  are  indicated  by 
the  dotted  lines.  As  there  shown,  the  small  shaft  is  mounted  in 
bearings  fixed  to  the  frame  of  the  carriage  body,  to  the  outer  end 
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of  which  is  keyed  the  starting  handle,  A.  At  the  opposite  end  is 
fixed  a  sprocket  wheel,  at  B,  which  communicates  the  motion 
when  the  handle  is  turned  by  means  of  a  chain,  C.  to  the  sprocket, 
D,  on  the  main  shaft,  at  the  right-hand  side  of  the  change  speed 
gear.  From  there,  the  motion  is  imparted  to  the  crank  shaft  of 
the  motor,  through  the  coupling  sleeve,  £.  the  crank  being 
turned  until  the  engine  has  taken  up  its  cycle,  when  the  motor 
starts  an  automatic    ratchet    arrangement    at    the  side  ol  the 


FiQ.  W;.— Bear  view  of  the  Running  Geiir  and  Mei-linniBm  ortlie  Tjploal  De  Dion  Ck^ 
riuiie.  A  U  tbe  motor:  B,  ths  vaporiu^r  or  corbuivtier:  C.  the  c-liaii;^  Biieeil  gear; 
D,  the  illlTereatlal  gear,  c-oiiuet-iing  lo  the  univernal  joiiiiml  axle,  ilentTibod  Id  con- 
nrvtlon  with  Fig.  W;  F.  the  curved  axle  bar  tor  itiainlAinini,-'  rl^ld  rclnilonii  between 
tbe  drive  vhecla:  O.  the  pedal  cnnneirtlng  lo  tbe  uuiilian'  brake:  H,  the  combined 
Btfcrlng  onil  <i>ntrul  column;  1,  the  variable  speed  control  and  brake  handle;  J,  the 
•leerin);  handle. 

sprocket,  D,  disconnecting  the  starting  handle  so  that  it  remains 
stationary. 

The  exhaust  connections  of  the  motor  are  also  indicated  in 
this  diagram  by  a  system  of  broken  lines.  When  the  exhaust 
valve  is  opened,  the  burned  out  products  o(  combustion  rush 
through  the  exhaust  port  shown  at  K,  through  the  pipe  indicated 
bv  the  broken  line,  to  the  muffler,  /. 
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CHAPTER  THIRTY-FOUR. 

SOME    PROMINENT   AMERICAN    GASOLINE    CARRIAGES    IN    THE 

ORDER  OF  THEIR  DEVELOPMENT. 

Duryea  Engine  and  Carriage. — The  engine  used  on  the 
Duryea  carriages  is  of  the  three  cyHnder  type,  each  4^  bore  by 
4^  stroke,  giving,  as  is  claimed,  lo^  B.  H.  P.  at  600  revolutions. 
The  three  cylinders  are  cast  in  one  piece,  with  water  jacket  sur- 
rounding the  combustion  chambers,  which  jacket  has  a  single 
inlet  opening  at  the  bottom  and  single  outlet  for  the  mingled 
steam  and  water  at  the  top,  both  connected  with  the  water  tank, 
placed  higher  than  the  water  jacket,  which  permits  a  rapid  cir- 
culation without  the  use  of  pump.  As  will  be  observed  from 
tlie  sectional  drawings  of  this  motor,  the  water  jacket  is  of  much 
less  extent  and  capacity  than  that  used  on  many  other  service- 
able types  of  motor,  as  for  example  the  De  Dion,  already  noticed. 
This  construction  is  purposely  used  to  cool  only  that  portion  of 
the  cylinder  exposed  to  the  most  intense  heat  of  the  combustion, 
leaving  the  remainder  of  the  cylinder  uncooled  in  order  that  the 
temperature  may  be  maintained  at  as  high  a  point  as  possible 
during  the  expansion  of  the  burned  gases.  The  theory  of  the 
manufacturers  is  that  since  the  heat  is  the  source  of  energy,  un- 
necessary cooling  lessens  economy  and  destroys  efficiency,  par- 
ticularly at  slow  speeds,  and  much  of  the  wide  range  of  speed  of 
the  Duryea  motors  results,  it  is  claimed,  from  the  fact  that  the 
gases  are  not  condensed  by  excessive  cooling,  but  remain  hot 
and  powerfully  expansive  to  the  full  end  of  the  stroke,  a  fact 
of  much  importance  in  hard  pulls  at  slow  speed,  as  in  climbing 
hills. 

The  ignition  is  by  a  primary  spark,  the  electric  current  being 
supplied  by  a  magneto  generator  driven  from  the  fly-wheel*. 
These  generators  are  arranged  to  run  at  sufficient  speed  to  cause 
ignition  when  the  motor  turns  fifty  or  more  revolutions  per 
minute,  while  they  are  provided  with  a  governor  to  prevent  over- 
speeding,  which  device  has  been  used  by  the  manufacturers  since 
1896.  One  pole  of  the  generator  is  grounded  on  the  frame  of 
the  motor,  while  the  current  from  the  other  is  carried  by  visible 
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connections  to  insulated  plugs  or  anvils  let  into  the  walls  of  the 
combustion  space  and  provided  with  mica  insulations.  Binding 
nuts  hold  the  anvils  in  place  and  insure  tight  joints,  as  shown  in 
detail  under  the  motor  section.  As  shown  in  the  sectional  cut 
of  the  engine,  a  rocking  contact  breaker  or  hammer  is  pivoted 
in  the  exhaust  valve  stem  and  caused  to  oscillate  by  a  pawl  ex- 
tending over  the  cam  shaft,  lifted  at  the  proper  instant  by  a  cam 
shaped  for  the  purpose.  The  lifting  of  the  pawl  brings  the 
sparker  hammer  into  contact  with  the  insulated  anvil,  completing 
the  circuit,  since  one  pole  of  the  generator  is  always  connected 
with  the  motor.  The  sparker  cam  is  abrupt  on  its  rearward 
side  which  permits  the  pawl  to  drop,  instantly,  making  a  sharp 
break  and  producing  a  strong,  hot  spark.  The  operation  of 
the  exhaust  valve  comes  at  a  different  time,  so  that  the  sparker 
operation  is  not  interfered  with ;  while  removing  the  exhaust 
valve  likewise  removes  the  sparker  hammer  and  permits  inspec- 
tion when  needed.  The  insulated  anvils  are  connected  in  mul- 
tiple to  the  single  wire,  marked  B  on  the  accompanying  cut,  and 
the  electric  arrangements  are  not  different  in  other  particulars 
from  the  mechanical  generator  systems  now  being  used  by 
others,  as  for  example  the  Mors  carriages. 

Qoverning  a  d  Balancing^  the  flotor. — The  motor  is  oper- 
ated without  automatic  governing  mechanism,  the  sole  method 
of  regulation  being  by  a  single  throttle  slide,  marked  A  in  the 
accompanying  view  of  the  engine,  by  which  the  amount  of  open- 
ing of  the  inlet  valves  may  be  controlled,  varying  the  quantity 
of  fuel  supplied,  and  thus  modifying  the  speed  of  the  engine 
through  a  wide  range.  The  cranks  are  set  120  degrees  apart, 
giving  a  perfect  mechanical  and  an  excellent  torsion  balance, 
which,  together  with  the  light  and  compact  construction,  not 
only  secures  light  weight  with  great  power  and  long  life,  but 
immensely  reduces  the  vibration  of  the  carriage.  As  already 
stated,  the  vibration  due  to  the  compression  of  a  gasoline  engine 
is  usually  found  to  vary  inversely  as  the  square  of  the  number 
of  cylinders  used,  which  would  give  about  1-9  the  total  vibra- 
tion with  a  three-cylinder  engine  that  would  be  experienced 
with  a  one  cylinder  of  like  power.  A  further  advantage  is  that 
of  increased  reliability — for  it  is  evident  that  all  three  cylinders 
are  not  likely  to  go  wrong  at  any  one  time — so  that  the  carriage 
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may  be  driven  with  the  remaining  one  or  two,  as  the  case  may 
be. 

The  mixture  of  liquid  fuel  and  air  is  led  to  the  motor  through 
the  pipe  across  the  heads,  passing  downward  through  the  inlet 
valves  into  a  port  chamber  which  serves  both  the  inlet  and  ex- 
haust valves.  Removable  peep  caps  open  into  this  chamber, 
permitting  the  condition  of  the  valves  or  the  size  of  the  spark  to 
be  inspected  at  will ;  one  or  two  caps  being  removed  while  the 
remaining  cylinder  furnishes  the  power.  From  these  chambers 
the  exhaust  gases  pass  to  the  single  exhaust  tube,  C,  and  thence 
to  the  muffler.  The  cylinder  heads  are  readily  removed  by  un- 
screwing, as  shown  in  the  section.     The  combustion  chamber  is 


no  80}.— Tlie  Duryea  ThneHSylinder  IMf  B.  H.  P.  Okrriaee  Uotor.    A  la  the  tbrottla 

slide,  by  wblvli  the  (Caa  supply  to  the  tfiree  tryllnd^n  may  be  controlled  by  tbe  com- 
bined steering  and  conirof  lever  shown  in  the  laat  flpire;  B,  single  wire  connecting 
anvils  of  the  tlir^e  sparking  plugs  in  maltlple.  the  other  terminal  ai  the  circuit  bcbw 
connected  to  the  middle  parts  of  the  cylinder;  C,  the  common  exhaust  tube  convey- 
ing tbe  burned  out  gases  to  the  muiner;  D,  the  pipe  conveying  air  to  the  )acketB  <A 

Spheroidal  in  form,  securing  cubic  capacity  with  minimum  wall 
surface,  thus  economizing  heat  and  insuring  great  strength  of 
parts.  Large  bearings  readily  adjustable  are  provided,  lessen- 
ing cost  of  repairs  and  facilitating  a  removal  of  parts. 

The  simplicity  of  construction  manifested  in  this  motor  is  also 
embodied  in  the  other  parts  of  the  vehicle.  The  transmission 
or  "power  gear,"  as  it  is  called,  is  journaled  on  the  motor  shaft 
by  the  side  of  the  tly-wheel.  which  secures  the  very  desirable 
feature  of  driving  direct  from  the  motor  shaft,  with  the  conse- 
quent economy  of  power.  This  transmission,  as  already  ex- 
plained, allows  two  speeds  forward  and  a  reverse,  although  all  or- 
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dinary  driving  is  done  on  the  high  speed,  the  parts  of  the  power 
gear  being  stationary  with  relation  to  each  other,  and  the  speed 
of  the  carriage  being  controlled  entirely  by  the  act  of  throttling. 
The  most  interesting  feature  of  this  carriage  is  the  single 
central  controlling  lever,  by  which  the  three  dififerent  functions 
of  driving  the  vehicle — steering,  throttling  and  setting  the 
clutches — are  easily  and  readily  performed  by  one  hand.  This 
lever  consists  primarily  of  an  outer  tube   ij  inch  diameter  by 


e  Cylloder  of  tbe  Durye&  Carriage  Hotor,  ahoiring 

and  a.  double  twist  (or  making;  and  breakiog  the  couiiectLona  of  the  Kletlrlcal  Hpart. 

meclianism  on  a  plane  different  (roni  that  otThT  cjUtidM-  aecl^ii.  "Drtf5lfi"or  "he 

having  a  m^  wMht?ln  th^lnsw"  and"the  oSJi^e"of"he  01-111X^1^","^  ^ci 
biuhlng  between,  so  as  to  perfectly  insulate  It  from  the  metal  of  the  engine.  A  very 
abort  water  Jacket  aod  tbu  concave  cylinder  and  pIMoa  heads  are  also  exhibited  in 

about  10  inches  in  length,  fixed  at  its  lower  end  into  a  pivoted 
casting  adapted  to  swing  crosswise  the  vehicle.  This  pivoted 
casting  is  constructed  with  arms  extending  outward  and  .slightly 
downward  at  angles  of  about  30  degrees,  which  arms  have  their 
ends  connected  by  chains,  or  similar  tensile  connections,  with 
suitable  arms  on  the  front  wheel  or  wheels;  the  proportions  be- 
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ing  SO  arranged  that  a  convenient  movement  of  the  steering  lever 
produces  the  proper  angularity  of  the  steering  wheel.  Within 
the  outer  tube  forming  the  controlling  lever  is  a  bushing  having 
an  internal  circular  groove  about  midway  in  its  length,  as  will 
'  be  described  later.  Through  this  bushing  slides  a  smaller  but 
longer  tube,  which  carries  a  suitable  handle  at  its  upper  end,  and 
a  pinion,  about  3i  inches  long,  at  its  lower  end.  This  pinion 
engages  a  rack  placed  crosswise  the  vehicle,  in  the  line  of  the 
steering  pivot,  and  by  rotating  the  handle,  shifts  the  rack,  which, 
by  means  of  a  lever  at  the  side  of  the  carriage,  imparts  motion 
to  the  throttle  slide  before  mentioned.  Thus  is  obtained  a  sim- 
ple, reliable  and  handy  means  of  controlling  the  motor  while 
steering.  This  rack  and  pinion  are  so  designed  that  inclining 
the  steering  lever  does  not  interfere  with  the  operation  of  the 
rack,  the  teeth  of  which  are  specially  cut  so  as  to  permit  oscil- 


FlD.  39S.— The  Duryca  Self-ollinf  Sprocket  Drire  CbaJu.  The  body  of  each  link  i>  bored 
oiit  as  shown,  nml  n  plu)r  of  fell  inserted  In  Ihe  openine.  Tbe  felt  absorbs  oil  reodilv. 
at  once  Ihorou^ly  lubrii-aUU):  the  inovint:  parts  and  increaslDg  the  tightueas  of  lU 

lation  without  binding.  The  lengtn  of  the  pinion  and  the  inner 
tube  are  such  as  to  permit  an  up-and-down  movement  of  the 
handle  and  tube,  and  the  pinion  is  connected  by  a  swivel  passing 
through  its  centre  with  the  arc-shaped  end  of  the  clutch  operat- 
ing lever,  terminating  below  the  steering  lever  pivot.  A  down- 
ward motion  of  the  controlling  handle  sets  the  low-speed  friction 
band,  while  an  upward  motion  sets  the  high-speed  clutch.  Mid- 
way between  the  two  limits  both  clutches  are  free  and  the  motor 
may  run  without  driving  the  vehicle.  To  guard  against  accident 
a  catch  is  provided  to  engage  the  circular  groove  inside  the  bush- 
ing mentioned  and  maintain  the  controlling  handle  in  the  "off" 
position  until  this  catch  is  released  from  the  groove  by  pushing 
a  button  in  the  controlling  handle.  This  arrangement  secures 
safety  from  accidental  starting,  which  might  otherwise  be  possi- 
ble in  mounting  or  leaving  the  carriage.     Since  the  motor  has 
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ample  power  to  drive  the  carriage  over  all  ordinary  roads  with 
the  high  clutch  engaged,  and  without  the  use  of  the  low  speed, 
the  control  of  this  vehicle  is  seen  to  consist  in  steering  and 
throttling  only.  The  former  function  is  accomplished  by  swing- 
ing the  lever  sidewise;  the  latter,  by  twisting  the  handle.  Not 
only  is  it  possible  to  perform  these  simple  functions  with  one 
hand,  from  either  side  of  the  vehicle,  but  either  hand,  or,  if  oc- 
casion requires,  both  hands  may  be  used,  enabling  a  lady  or  a 
child  to  readily  control  these  vehicles. 

All  the  mechanical  parts  of  this  carriage  are  accessible  from 
the  top  for  inspection  or  repairs,  and  any  part  may  be  removed 
in  a  very  short  time,  thus  achieving  a  degree  of  accessibility 
not  approached  by  most  machines.  This  feature  is  shown  in 
accompanying  cut,  wherein  the  great  simpUcity  of  construction 
appears,  with  other  desirable  features,  such  as  absence  of  coun- 
tershafts, as  already  mentioned,  and  of  complicated  transmis- 
sion gear  or  underframe,  which  so  greatly  adds  to  the  weight. 
The  steering  connections  are  very  positive  and  easy  of  opera- 
tion, while,  by  the  use  of  tensile  connections  only,  the  elastic 
effect  and  lost  motion,  so  frequently  met  with  in  other  arrange- 
ments, are  completely  obviated.  Other  excellent  features  of  this 
carriage  are  its  low  centre  of  gravity,  the  machinery  being  all 
below  the  top  of  the  rear  wheels,  while  the  seat  is  on  a  level 
therewith.  The  long  wheel  base,  the  great  distance  between  the 
passengers  and  the  steering  wheels,  the  long  and  flexible  springs 
and  the  large  wooden  wheels  and  tires,  all  contribute  to  the  end 
of  easy  riding  at  good  speeds. 

The  Haynes-Apperson  Carriage  and  flechanistn. — One  of 

the  best  known,  as  well  as  one  of  the  earliest,  American  gasoline 
carriages,  is  the  Haynes-Apperson,  which  first  came  before  the 
public  as  a  practical  reality  in  1893-94.  In  almost  all  particu- 
lars this  carriage  represents  a  peculiarly  American  activity  in 
design  and  construction.  The  motor  used  is  a  double  opposed 
cylinder,  horizontal  type,  with  the  crank  set  at  180**,  thus  in- 
volving that  the  two  pistons  make  their  in-strokes  and  out- 
strokes  contemporaneously,  insuring  an  explosion  once  in  every 
revolution,  and  securing  perfect  balance  of  the  moving  parts. 
The  manufacturers  are  strong  advocates  of  the  opposed  double 
cylinder  horizontal  type  of  engine,  asserting  that  its  construe- 
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tion  has  been  found  best  suited  to  the  ends  of  overcoming  vibra- 
tion and  securing  easy  operation.  According  to  their  published 
statement,  one  of  their  carriage  motors  may  be  connected  to  op- 
erate an  electric  light  dynamo,  and  will  run  without  any  percep- 
tible variation  in  voltage,  even  when  the  connection  is  direct  to 
the  main  shaft. 

No  attempt  is  made  to  control  the  speed  of  the  engine  by  an 
automatic  governor,  the  method  employed  being  to  throttle  the 
charge,  thus  insuring  only  such  proportionate  mixtures  as  are 
required  for  the  amount  of  speed  or  power  desired.  Two  car- 
buretters are  employed,  one  for  each  cjlinder,  the  design  being 
of  the  ordinary  float-feed  variety,  both  being  fed  from  the  lo- 


.— Double  Oppospd  Horliontal  Cvllnrter  Motor  of  the  Haynes-ApparaoD  Ci 
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lubricated  by  ad JuBtable  oil  fted  cups  shown  at  the  lot>  ol  each  cylinder.    IgnHioi. 

ia  by  break  contact  spark,  the  eibauBt  connection!  being  on  the  same  plan  as  tbOM 
described  for  other  motors. 

gallon  tank  under  the  front  seat.  The  operation  of  the  throttle 
in  each  of  them  is  to  reduce  the  gasoline  aperture  to  the  required 
degree,  both  being  operated  by  the  same  throttle  lever,  which 
connects  to  a  button  coming  through  the  floor  of  the  carriage 
under  the  driver's  foot.  The  ignition  is  by  a  break  contact  spark, 
the  current  being  generated  by  a  Holtzer-Cabot  magneto.  By 
the  method  of  throttling  the  charge,  which  is  so  successful  a 
feature  in  most  American  gasoline  carriages,  the  speed  of  the 
motor  may  be  changed  from  200  to  800  revolutions  per  minute. 
There  is,  however,  in  connection  with  this  carriage,  a  somewhat 
complicated,  although  highly  efHdent,  speed  changing  gear, 
which  has  already  been  described.     By  throwing  on  the  proper 
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clutch  the  speed  and  power  ratios  between  the  main  shaft  and 
the  countershaft  may  be  varied  from  3^  miles  per  hour  on  the 
first  gear  to  9  miles  on  the  second,  and  15  miles  on  the  third; 
with  a  reverse  at  about  3  miles  per  hour. 

The  Haynes-Apperson  Drivins^  Gear. — The  system  of  power 
transmission  employed  on  the  later  patterns  of  this  carriage  is 
worthy  of  mention  as  among  the  most  ingenious  and  efficient 
contrivances  for  securing  a  steady  drive,  independent  of  all  the 


Fio.  395.— The  Haynes-Apperson  Transmission.  A  is  the  sprocket  fixed  at  one  end  of  the 
counter  shaft;  B,  a  turnbuckle  on  the  adjustable  distance  rod  between  the  tirst 
counter  shaft  and  the  second  counter  shaft  carrying  ttie  pinion,  C;  C,  a  spur  pinion 
keyed  to  the  second  counter  shaft,  carrying  a  sprocket  driven  by  a  chain  from  A:  D, 
a  spur  gear  on  the  rear  axle  meshuig  with  spur  pinion,  C,  on  the  second  countershaft: 
E,  a  rigid  distance  rod  for  maintaining  fixed  relations  between  the  spurs,  C  and  D. 
The  advantages  of  this  system  are  the  maintaining  of  a  steady  drive  without  the 
usual  wear  and  tear  on  the  moving  parts,  consequent  on  sprocket  connections  direct 
from  the  tirst  countershaft,  or  from  the  main  shaft  of  the  motor. 

vibrations  of  travel.  The  sprocket  at  the  end  of  the  secondary 
shaft,  driven  from  the  main  shaft  by  the  system  of  gearing  al- 
ready mentioned,  drives  the  second  countershaft  situated  directly 
over  the  rear  axle.  Between  these  two  shafts  is  a  distance  rod, 
whose  length  may  be  adjusted  by  a  wrist  nut,  or  turnbuckle,  so 
as  to  take  up  the  slack  of  the  chain  or  allow  it  to  be  loosened, 
as  required.  On  the  end  of  the  second  countershaft  is  a  spur 
pinion,  which  meshes  with  a  spur  gear  on  the  differential  drum, 
thus  imparting  power  to  the  drive  wheels.    The  advantage  of 
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this  arrangement  is  obvious,  since  the  up  and  down  movement 
of  the  distance  rod,  with  the  vibrations  of  travel,  throws  no  strain 
on  the  springs,  as  is  frequently  found  to  be  the  case  with  the 
simple  sprocket  or  spur  drive  connection  between  the  rear  axle 
and  the  countershaft.  The  arrangement  seems  to  have  achieved 
the  desired  end  quite  as  readily  as  the  European  method,  already 
noted,  of  driving  each  of  the  two  rear  wheels  separately  from 
the  countershaft. 

Steering  Gear  and  Underframe. — The  steering  is  by  hand 
lever  or  tiller,  coming  to  the  right  hand  of  the  driver,  and  the 
pivoted  axles  are  of  the  double  yoke  pattern,  described  in  con- 
nection with  Fig.  36.  Among  other  distinctive  features  of  this 
carriage,  it  may  be  remarked  that  almost  from  the  beginning  of 


Pta.  SSt.—Fsmillai'  Hi>dt:l  of  tho  Haynoa-AppersiQ  Cariiu^,  seatlag  two  people. 

its  manufacture  il  has  been  equipped  with  wooden  wheels,  which 
is  a  procedure  contrary  to  the  rule  among  American  motor  car- 
riage builders,  although  the  popularity  and  good  records  of  this 
carriage  have  amply  demonstrated  its  wisdom.  As  at  present 
constructed  the  underframe  consists  of  two  solid  perches  or 
reach  rods  connected  to  either  extremity  of  the  rear  axle  and 
coming  together  to  form  a  swivel-jointed  connection  at  the  cen- 
tre of  the  forward  axle.  The  body  frame  is  of  angle  iron,  having 
transverse  tubes  at  the  rear  end  for  attaching  the  motor  and 
gearing. 

The  Winton  Carriage  and  flecbanism. — The  Winton  motor 
carriage,  which  enjoys  a  high  reputation,  both  for  speed  and 
endurance,  is  a  very  compact  and  efficient  machine.     The  engine 
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is  of  the  horizontal  single  cylinder  type,  and  is  mounted  on  the 
body  frame,  to  which  it  is  rigidly  connected  at  the  front  and  rear, 
as  shown  in  an  accompanying  cut.  It  is  especially  notable  for 
one  feature  of  its  construction  and  operation — governing  the 
speed  of  the  motor  by  an  automatic  air-pressure  device,  con- 
trolling the  operation  of  the  gasoline  feed  valve  of  the  cylinder. 
The  details  are  as  follows:  a  small  air  pump,  driven  by  a  con- 
necting rod  from  an  eccentric  on  the  main  shaft,  which  is  fixed 


Fia.avr.— FUnof  Runnlni;  Q«BTuid  Hechanlsm 

Bteerliijt  ayBIcm.    xiie  l-lmnKe  speed  ienr,  aire 

the  iwo  Icvera  Haired  at  the  biu^of  tlie  cut;  the  lower  (inc  operatin),'  the  clutcli  on  thv 

main  shaft  far  givlnE  tlie  flret  Hpeetl.  ttlno  for  thrawlOE  nn  tlie  brake;  the  upper  one 

refene.    The  steerlnK  lev«r  as  shonn  Is  cunneeiAl  bv  il  link  to  a  bcU  crank,  whlcli 
moTes  a  drag  link  connected  to  the  steering  arniB  of  the  two  fomanl  Btud  ules. 

at  180°  from  the  crank,  constantly  supplies  air  to  a  special 
reservoir,  where  it  bears  upon  a  piston  fixed  at  the  end  of  the 
rod  of  the  cylinder  inlet  valve,  so  that,  according  to  its  pressure 
it  can  control  the  amount  of  fuel  admitted  to  the  combustion 
space.  The  operation  is  very  simple  and  reliable,  since  the  air. 
behind  the  piston  Just  mentioned,  can  escape  only  when  the  push 
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Fia.  BM.— WlntOD  TonneiHi  Tounnit  Curiae,  Bhowiae  tonasku 


FiQ.  399.— WintoD  TDnncau  Touring  Carriage,  showing  tonneau  remared. 
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button,  coming  through  the  floor  to  the  driver's  foot,  is  de- 
pressed. It  consequently  follows  that  when  the  speed  of  the 
engine  has  exceeded  a  certain  predetermined  limit,  the  air  ex- 
haust cannot  take  place  with  sufficient  rapidity  to  enable  the 
usud  operation  of  the  feed  valve  to  continue;  hence  it  acts  as 
a  cushion  or  spring,  resisting  the  opening  of  the  feed  valve  until 
the  speed  has  again  sunk  to  its  proper  point.  By  pressing  on 
this  button  the  speed  of  the  engine  may  be  varied  through  a 
range  between  loo  and  800  revolutions  per  minute. 
The  carburetter  used  with  this  engine,  which  is  of  the  general 


Fio.  400.— DiaCTam  of  the  Winton  Pneumatic  Speed  Control  Sjrstem.  A  is  the  ralve 
chamber  from  which  the  air  ia  exhausted  through  the  vent,  G,  by  oressure  on 
ttie  foot  button  at  the  top  of  the  valve  rod;  B,  a  tube  connecting  chamber,  A,  with 
air  reservoir,  C;  D,  tube  leadin^^  from  the  air  pump  operated  from  the  main  bhaft  of 
the  enj^ine,  and  fectiin^  compressed  air  into  the  reservoir,  C;  E,  the  piston  attach^ 
to  the  spimlie  of  the  inlet  valve,  F,  and  controlling  the  openinfrof  F,  according  to  the 
lic^ree  of  compression  mamtamed  within  reservoir,  C.  By  this  mechanism  the  open- 
in;?  of  the  inlet  valve,  and  consequently  the  fuel  supply,  is  regulated  within  definite 
limits,  and  the  speed  varied  as  desired. 

type  already  described  in  connection  with  the  figure  of  the 
James  mixing  valve,  admits  of  a  suitable  range  of  adjustment. 
The  ignition  is  by  a  make  and  break  device  on  a  primary  circuit, 
the  spark  being  produced  by  a  snap  cam,  somewhat  after  the 
manner  of  several  other  devices  already  described.  The  cur- 
rent is  supplied  by  either  one  or  two  batteries  of  dry  cells,  which 
may  alternately  be  connected  to  the  circuit  by  buttons  under 
the  driver's  scat. 
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The  driving  connections  are  direct  from  the  sprocket,  keyed 
to  a  sleeve  on  the  main  shaft,  to  another  sprocket  on  the  differ- 
ential gear  drum  on  the  rear  axle.  The  operation  of  throwing  on 
the  power,  or  of  changing  the  speed  or  power  ratios,  as  desired, 
is  accomplished  by  two  friction  clutches,  while  the  reverse  is 
obtained  by  a  third  clutch,  as  already  described.  The  adjust- 
ment of  the  transmission  is  regulated  by  two  distance  rods,  one 
at  either  side  of  the  carriage,  between  the  body  of  the  running 
gear.  The  two  axles  are  connected  by  two  reach  rods  arranged 
to  form  a  triangle,  whose  apex  touches  the  centre  of  the  forward 
axle,  where  a  swivel  joint  is  made,  giving  the  required  flexibility 
on  uneven  roads.  The  body  frame,  resting  above  the  springs, 
is  cdnstructed  of  seasoned  oak,  joined  at  the  corners  by  iron 
angle  pieces.  The  wheels,  as  in  many  of  the  older  makes  of 
carriages,  are  of  the  wire  spoke  variety.  The  steering  in  the 
latest  models  is  controlled  by  a  hand-wheel  actuating  an  irre- 
versible worm  gear,  somewhat  after  the  design  of  the  Panhard 
carriages,  as  shown  in  Fig.  48.  With  the  exception  of  this  steer- 
ing wheel,  the  carriage  is  entirely  controlled  and  operated  by 
two  levers  rising  to  the  right  hand  of  the  driver.  The  longer  of 
these  two,  when  drawn  back,  connects  the  driving  gear  and 
motor,  and,  when  shifted  all  the  way  forward,  applies  a  powerful 
brake  to  the  differential  drum.  The  shorter  of  the  two  levers 
operates  the  speed  changing  and  reverse  gear;  one  pull  back 
throwing  in  the  reduced  or  hill-climbing  gear,  and  one  pull  for- 
ward engaging  the  reverse.  In  addition  to  the  brake,  already 
mentioned,  there  is  a  special  emergency  brake,  operated  by  a 
foot  pedal,  which  is  to  be  used  only  when  the  lever  fails  to 
operate. 

The  St.  Louis  Light  Carriage. — The  St.  Louis  gasoline 
motor  carriage  is  another  well-known  and  excellent  type  of 
single  cylinder  machine.  As  shown  in  the  accompanying  illus- 
trations, giving  details  of  the  arrangement  of  the  machinery,  it 
counts  simplicity  among  its  excellent  features.  The  single  cyl- 
inder engine  has  a  bore  of  5^  inches  and  a  stroke  of  6  inches,  and 
is  rated  at  7  H.  P.  A  desirable  feature  lies  in  the  fact  that  the 
change  gears  are  located  in  an  extension  of  the  crank  case,  thus 
insuring  a  fixed  distance  between  the  main  and  secondary  shafts. 
As  shown  in  the  lettered  diagram  of  the  assembled  engine,  a 
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friction  dutch,  C.  opcraled  by  a  lever,  B,  connects  the  spur  wheel, 
A,  on  the  main  shaft,  with  another  spur,  D,  on  the  first  driven 
shatt,  thus  throwing  in  the  power  upon  the  carriage.  The 
change  speed  gears  already  mentioned,  are,  as  may  be  seen  in 


Fio,  401.-aiiii;le  t'vlmdrr  Mnior  of  tlip  St.  Ijiulu  flttnolltw  Motor  Caxriige    showInK 
conlrol  levi^nt  anil  IJu>  variuble  spred  i^ur  iviilaiucd  within  the  cose  below  tlie 

the  cut,  of  the  ordinary  sliding-shaft  spur  gear  type,  and  are 
operated  by  a  lever,  marked  E  in  the  diagram,  which  transmits 
its  motion  to  a  bell  crank,  thus  shifting  the  double  faced  sliding 
pinion  in  either  direction,  as  desired.     By  the  proper  connection 
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of  the  double  faced  pinion,  two  forward  speeds  may  be  obtained, 
and  also  a  reverse,  by  throwing  the  larger  pinion  into  mesh  with 
the  idler  on  the  third  shaft,  in  somewhat  the  same  manner  as 
other  speed  gears,  already  described.  One  particularly  com- 
mendable feature  of  this  device  is  that  the  spindle  of  the  sliding 
gear  extends  outside  of  the  casing  of  the  engine,  there  meeting 
the  link-bar  of  lever,  B,  which  throws  on  the  main  clutch,  as 
already  described.  At  their  point  of  contact  is  a  locking  de- 
vice, which  renders  it  impossible  to  shift  the  gears  operated  by 
lever.  £,  until  the  main  clutch  has  been  thrown  out.  The  posi- 
tion of  this  automatic  locic  is  indicated  in  the  diagram,  already 


tm.  MS.— Flan  Tlev  of  the  Bt,  Louis  Oasoline  Can-Lage,  Bhoving  motor  and  nwchanlaa 

mentioned.  This  arrangement  effectually  provides  against  an- 
noying jolts,  when  the  carriage  is  operated  by  unskilled  drivers, 
and  is  also  an  eiKcient  and  desirable  means  of  saving  the  gears. 
The  rear  end  of  this  cylinder,  as  shown,  is  hung  to  an  arched 
crosspiece  on  the  underframc,  the  front  end  being  similarly  at- 
tached to  another  crosspiece,  midway  in  the  length  of  the  car- 
riage. The  springs,  which  are  arranged  in  the  length  of  the  car- 
carriage,  are  attached  to  roller  bearing  boxes  on  the  axles,  be- 
ing, in  fact,  hinged  at  top  and  bottom.  The  strain  of  driving 
is  relieved  by  two  adjustable  distance  rods,  connected  to  the  rear 
axle,  below  the  springs  at  one  end,  and  to  the  longitudinal  perch 
rods  o!  the  frame  at  the  other. 
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The  water  circulation  is  controlled  entirely  by  gravity,  as  in- 
dicated in  the  full-page  diagram,  the  water  jacket  covering  the 
entire  length  of  the  stroke.  The  carburetting  device  is  in  an 
adjustable  mixing  valve,  the  charge  being  throttled  by  a  needle 
valve,  controlled  by  a  link  passing  forward  to  the  driver's  seat. 
The  ignition  is  aecoinplishe<l  by  a  break  contact  spark  on  a 
primary  circuit,  the  current  being  furnished  by  a  small  dynamo, 
resting  upon  the  engine  cylinder  and  operated  by  a  brush  pinion 
from  the  fly-wheel.  The  lead  of  the  spark  may  be  varied  by 
pressure  on  another  foot  button,  whose  connections  are  not  in- 
dicated. The  body  frame,  as  shown,  consists  of  a  nearly  com- 
plete quadrilateral  of  angle  iron,  which,  however,  forms  the  sole 
connection  between  the  axles  in  the  lighter  models  of  this  car- 
riage. The  brake  connection  is  direct  from  the  driving  shaft  on 
the  enclosed  gear  case,  to  the  differential  drum,  shown  near  the 
right  hand  extremity  of  the  rear  axle.  The  brake  band  is  ap- 
plied to  this  drum  by  a  link  connecting  to  the  rocking  shaft 
operated  by  lever,  B,  the  operation  of  throwing  out  the  clntch 
and  throwing  on  the  brake  being  simultaneously  accomplished, 
when  this  lever  is  thrown  forward.  An  auxiliary  brake,  equipped 
with  cast-iron  shoes,  is  operated  by  a  pedal  coming  to  the  driver's 
foot.  The  steering  is  by  a  hand-wheel,  or  an  inclined  pillar,  the 
connections  being  by  a  spur  pinion  and  toothed  sector. 


na.  40SA.— A  Duryea  Three- Wheeled  QftsollDe  PhMton. 


CHAPTER   THIRTY-FIVE. 
SOME   RECENT  AMERICAN   GASOLINE   CARRIAGES. 

The    Packard   Gasoline  Carriage. — Among     the     excellent 

specimens  of  carriage  design,  produced  in  America,  may  be  men- 
tioned the  Packard  carriage.  Like  several  others,  already 
noticed,  it  is  propelled  by  a  single  cylinder  motor,  ignited  by  a 
jump-spark  and  water  cooled  by  gravity  circulation.  The  speed 
may  be  controlled  up  to  S50  revolutions  per  minute,  by  a  pedal 
coming  to  the  driver's  foot,  and  regulating  the  operation  of  the 
inlet  valve.     In  addition  to  this  method  of  control,  there  is  also 


Fre.  *H.— The  "  Packard  "  IS  H.P.  Tonneui  CBrrL&(rc,  Rhowlng  tonti*au  attached. 

a  very  ingenious  centrifugal  governor  operating  from  the  cam 
shaft  to  the  motor,  which  at  high  speed  modifies  the  spark  to 
any  required  point,  or  prevents  it  altogether.  This  result  is  accom- 
plished by  a  sliding  sleeve,  actuated  by  the  centrifugal  governor, 
which  moves  a  variable  cam  across  the  periphery  of  a  roller 
wheel  attached  to  the  trembler  on  the  coil.  When  the  speed  of 
the  motor  exceeds  a  predetermined  limit,  the  cam  overruns 
the  roller  and  ignition  is  prevented.  Another  interesting  and 
novel  feature  of  this  carriage  is  the  spring  transmission  clutch. 
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which  is  forced  directly  against  the  face  of  the  fly-wheel,  oper- 
ating, as  claimed,  to  insure  smooth  running  and  ready  transmis- 
sion with  the  minimum  of  vibration  to  the  body.  The  spring  of 
the  cam  absorbs  the  greater  part  of  the  jar  and  vibration,  which 
would  otherwise  be  transmitted  to  the  wheels  and  running  gear. 
The  speed-changing  gear  is  of  the  familiar  son  and  planet  type, 
giving  three  speeds  forward — lo,  20  and  30  miles  per  hour — and 
a  reverse,  the  operation  .of  this  instrument,  as  well  as  throwing 
on  the  main  clutch,  being  accomplished  by  a  single  lever,  ar- 
ranged to  slide  in  two  parallel  slots,  having  a  central  connection. 


Fio.  ««.— The  Sliding  Cam  Ignition  Govprnor  of  the  "  Packnnl  "  Cairiages.  A  Is  a 
ale«vc  BlMiDe  on  a  reiither.  U.  on  tlio  rcitatlne  Mian,  beliii;;  connected  by  Hnk.  I>,  to 
the  governor  weight,  E,  no  that  the  Ihmw  of  the  cam,  F.  myr  be  varied  from  maxl- 

can-ietl  on  the  enil  of  the  vlbralini;  leaf  sprine,  Q,  modltj-init'llie  electrical  contact 
between  tlie  terminals,  J  and  K,  noconllng  to  the  Lbrow  of  ibe  cam  and  the  adjUBt- 

which  gives  the  familiar  H-shaped  channel  used  on  several  other 
carriages.  The  running  gear  of  the  Packard  carriage  is  approxi- 
mately rectangular,  with  stay  rods  joined  to  the  framework  of 
the  differential  gear  on  the  sleeve  of  the  rear  axle.  The  perch 
rods  are  ball-jointed  at  front  and  rear  to  give  the  desired  flexi- 
bility to  the  carriage.  A  peculiarly  noticeable  feature  is  the 
manner  of  applying  the  emergency  brake,  which  has  been  adopted 
in  very  few,  if  any  other,  carriages.  Instead  of  operating  by 
pressing  a  band  or  suitable  contact  shoes  against  a  brake  drum 
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on  the  wheel  hubs,  the  brake  shcxs  bear  upon  the  inturned  flange 
on  the  wheel  rim,  thus  realizing,  as  is  claimed,  a  much  greater 
retarding  force,  and  being  effectual  to  entirely  prevent  skidding. 
They  are  operated  by  wire  rods  connected  at  the  front  of  the 
carriage  to  a  foot  pedal  in  front  of  the  driver's  seat. 

The  manufacturers  of  the  Packard  carriage  are  thorough  ad- 
vocates of  the  single  cylinder  motor  disposed  to  the  rear  of  the 
driver's  seat  on  the  body  frame,  claiming  that  the  undue  vibra- 
tion and  other  troubles  urged  against  this  type  of  motor,  by 
some  manufacturers,  are  entirely  obviated  by  the  improved  con- 
struction of  up-to-date  machines.     They  also  claim  a  decided 


Fio.  W7.— "Poclufd  "  IS  H.  P.  Togjioau  Touring  Carriage,  ahoirlng  tonnawi  remored. 

advantage  in  the  underhung  engine,  which  brings  the  fly-wheel 
and  main  weights  near  the  centre  of  the  car,  to  the  advantage 
of  stability  and  the  proper  distribution  of  the  load.  This  end 
achieved,  they  claim  that  freedom  from  skidding  and  the  maxi- 
mum of  traction  efficiency  is  attained,  much  more  readily  than 
is  possible  with  the  models  of  carriage  having  the  motors  set  in 
front,  after  the  Panhard  and  Daimler  models. 

The  "Peerless"  Qasoline  Carriage^ — The  "Peerless"  motor 
carriages,  several  styles  of  which  are  shown  in  accompanying 
illustrations,  are,  so  far  as  general  appearances  go,  .imong  the 
closest  approximations  to  the  best  Ruropean  models  that  are 
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made  in  America.  Following  the  most  approved  designs  of  Pan- 
hard  and  Daimler,  the  motor  is  placed  at  the  front  of  the  frame 
beneath  a  suitable  forestructure  or  bonnet  of  familiar  design. 
The  underframe  is  also  closely  approximated  to  these  gasoline 
carriages,  in  the  fact  that  it  is  of  unusually  strong  and  rigid  con- 
struction, being  formed  throughout  of  channel  iron  bars  in  the 
manner  familiar  in  railroad  locomotives.  In  the  point  of  long 
wheel  base  is  to  be  seen  another  excellent  feature  adopted  from 
French  prototypes.  In  several  other  respects,  however,  the  car- 
riages approximate  the  De  Dion  models  and  some  of  the  usual 
American  theories  of  construction,  in  that  the  driving  connec- 


V\a.  408.— One  model  of  [ho  "  PivrlcHii ''  OiwaliDe  ConiMte.  equippnl  witb  woodoD  wbeels 

lions  are  by  bevel  gear  direct  to  the  centre  of  the  divided  rear 
axle,  instead  of  by  sprocket  from  the  extremities  of  the  counter- 
shaft, to  each  of  the  rear  wheels. 

The    ilotor   and    Parts. — The  motors  used  in  the  carriages 

shown  in  the  accompanying  illustrations  arc  of  the  double  cylin- 
der vertical  type,  with  an  enclosed  crank  case,  and  contain  sev- 
eral excellent  features  of  construction.  Among  these,  may  be 
mentioned  the  fact  that  the  crank  discs,  or  enclosed  fly-wheels, 
run  in  an  oil  bath,  with  devices  for  automatically  lubricating  the 
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'   CnrrlBfn.  shoving  position  o(  th«  motor  uid 
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cylinder  and  piston  by  tlie  splashing  method.  The  vertical  posi- 
tion of  the  cylinder  enables  the  entire  circumference  ol  the  bore 
to  be  unifoiinly  lubricated  by  the  wiping  of  the  piston  rings ;  at 
the  same  time  preventing  the  difficulties  incident  upon  excessive 
lubrication,  which  is  a  prolific  source  of  obnoxious  odors  and 
other  annoying  features,  and  has  been  provided  against  in  vari- 
ous improved  designs  of  automatic  oilers. 


t'lo.  410.— Front  vlow  or  "  Pt?or1i>ii>i "  Tonneou  Carriage,  showing  the  radlstlnR  colls  u>d 

hlvJIli  at  ul"riBhi!  of  IhJ^iirVv'V-s'jiiV'!^  Btccnnt-  pillar  v,ith  hMi.l-wh«-l  urf  cont 

The  Running:  Parts  and  5peed  Oear. — The  other  running 
parts  of  this  carriage,  outside  of  the  engine  proper,  are  lubricated 
by  sight-feed  oil  cups,  supplied  by  a  pressure  pump  operated 
from  the  front  of  the  driver's  seat,  thus  rendering  it  unnecessary 
to  dismount  for  the  purpose  of  oiling,  except  under  exceptional 
conditions.  The  water-jacket  circulation  of  the  engine  is  con- 
trolled by  a  ccntrifngal  pump,  operated  from  the  fly-wheel,  which 
forces  the  jacket  water  exhaust  through  radiating  coils  disposed 
at  the  front  of  the  car.     The  change-speed  gear  operated  from 
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the  lever,  at,  the  right  of  the  driver's  seat,  gives  three  speeds  for- 
ward and  a  reverse,  together  with  a  simultaneous  advancement 
or  retard  of  the  spark,  thus  regulating  the  speed  of  the  motor  to 
suit  the  requirements  of  the  desired  rate  of  travel,  without  un- 
necessary expenditure  of  power.  Ignition  is  by  jump-spark, 
controlled  by  a  specially-designed  vibrator  on  the  induction  coil. 
Both  the  primary  and  secondary  circuits  are  completed  through 
heavily  insulated  wire  cables,  which  effectually  obviate  all  dan- 
ger of  short-circuiting  in  damp  wcatlier. 


Tbe    Steering:    and    Spring    Compensating    Devices. — The 

steering  is  by  means  of  a  hand-wheel,  which,  by  an  in- 
geniously arranged  knuckle-joint  sleeve,  may  be  bent  forward 
to  prevent  interference  as  passengers  enter  the  carriage ;  also 
enabling  the  wheel  to  come  well  into  the  driver's  lap,  where  a 
very  much  more  positive  grip  is  rendered  possible  than  with  the 
long  reaches  necessary  with  some  other  types  of  inclined  steer- 
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ing  pillar.  All  four  wheels  are  pitched  inward,  with  the  result 
that  the  steering  is  rendered  easier  and  more  positive.'  The  pitch 
of  the  rear  wheels  is  made  possible  by  a  flexible  rear  axle,  of  the 
same  general  type  that  is  used  in  the  De  Dion  carriages.  As 
indicated  by  the  accompanying  illustrations,  both  wire  and 
wooden  wheels  are  used.  A  removable  toiineau  increases  the 
carrying  capacity  from  two  to  four  passengers,  whenever  de- 
sired. 

The  "  Dyke "  Carriages  and  Motors. — The    widely    adver- 
tised Dyke  carriages  include  several  patterns  of  both  light  and 


heavy  vehicles,  which,  as  shown  by  the  accompanying  illustra- 
tions, combine  several  excellent  features  of  construction.  The 
6  H.  P.  Tonneau  carriage  is  eqivpped  witli  a  single  cylinder 
motor,  attached  to  the  sJiaft  of  wJiicli  is  a  system  of  shifting 
change  speed  gears,  which  drive  a  countershaft  through  bevel 
connections.  At  the  end  of  the  short  countershaft  is  a  sprocket 
pinion  which  drives  direct  to  the  differential  drum  on  the  rear 
axle.  The  running  gear  of  this  carriage,  as  well  as  that  of  the 
lighter  models,  is  particularly  noted  for  its  strength  and  sim- 
plicity, consisting  of  a  rectangular  framework  of  angle  iron  with 
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crossed  stay  pieces,  upon  which  are  hung  the  motor  and  gear- 
ing, the  whole  construction  being  hung  direct  upon  the  springs. 
The  adjustable  radius  rod  at  either  side  connects  the  rear  axle 
direct  to  the  angle  iron  body  frame,  the  turn-buckle  enabling  the 
lension  of  the  driving  chain  to  be  varied  as  required.  As  in  the 
common  type  of  tonncau  carriage,  the  motor  is  mounted  at 
the  front  of  the  body,  beneath  a  suitable  bonnet,  enabling  it  to 
be  readily  inspected  whenever  necessary. 

Special  Constructions. — The  gasoline  supply  tank,  arranged 
beneath  the  driver's  seat,  supplies  fuel  to  the  motor  through  a 
float-feed  carburetter,  a  section  of  which  is  shown  in  an  accom- 


Fio.  4U.-A  "Dyke  "  LiBht  OasoUne  Runabout. 

panying  ilhistration.  Unlike  the  majority  of  gascJine  vehi- 
cles, the  gasoline  is  held  under  air  pressure  in  the  tank,  thus 
enabling  the  carburetter  to  be  fixed  at  a  higher  level,  without 
the  use  of  more  complicated  devices  for  raising  it  as  desired. 
As  arranged  in  these  vehicles,  the  air  supply  may  be  injected  by 
the  use  of  an  ordinary  bicycle  pump,  an  air  pressure  of  2  pounds, 
as  shown  on  the  gauge  dial,  being  sufficient  to  raise  the  liquid 
gasoline  through  one  foot;  and  of  4  pounds  through  two  feet. 
From  the  fact  that  It  is  not  necessarv  to  maintain  the  high 
pressure  used  with  the  fuel  tanks  of  steam  carriages,  it  is  evi- 
dent that  the  gasoline  stipply  of  this  vehicle  may  be  much  more 
readily  regulated  and  mainlained.  The  float-feed  carburetter 
is  an  excellent  model  of  its  class,  containing,  as  shown,  readily 
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manipulated  arrangements  (or  adjusting  the  quantity  of  fuel 
sprayed  into  the  mixing  chamber,  and  also  the  amount  of  air 
^tdmittcd  thereto.  The  fuel  supply  is  regulated  by  a  throttling 
lever  connected  to  a  push  button  beneath  the  driver's  foot,  press- 
ure upon  the  button  regulating  the  gasoline  supply  and  air  inlet 
to  any  desired  point.  A  particularly  excellent  feature  not  found 
in  many  carburetters  of  this  class  is  the  coiled  spring  attached 
to  the  rotatable  disc  of  the  throttling  device,  by  which  the  normal 
conditions  of  air  and  fuel  supply  may  be  automatically  restored 
as  soon  as  the  pressure  of  the  foot  is  released.  This  enables  the 
carburetter  to  reahze  a  greater  degree  of  automatic  action  than 
is  possible  with  most  other  arrangements.     Ignition  is  by  jump- 


nectod  to  the  clutch  tnuta- 

spark,  the  primary  circuit  being  periodically  broken  by  the  spe- 
cially constructed  vibrator,  already  described.  The  vibrator 
connection,  indicated  in  this  diagram,  is  somewhat  different 
from  those  used  in  the  De  Dion  system,  since,  as  here  shown, 
the  primary  circuit  from  the  battery  is  made  and  broken  through 
the  vibrator  contacts,  by  virtue  of  the  direct  connection  between 
the  points,  A  and  S,  which  represent  the  terminals  of  the  primary 
winding  on  the  induction  coil.  Unlike  the  De  Dion  system, 
also,  both  terminals  of  the  secondary  winding  have  visible  con- 
nections to  the  motor;  one  to  the  insulated  body  of  the  plug,  the 
other  to  the  metal  of  the  cylinder.    The  motor  used  on  this  car- 
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riage,  as  shown  in  the  accompanying  illustration,  is  of  the  water- 
cooled  type,  the  jacket  extending  through  the  entire  stroke.  The 
water  circulation  is  by  centrihigal  pump  through  radiating  tubes. 
The  lighter  carriages  manufactured  by  Dyke  include  in  general 
the  same  working  parts,  except  that  the  motor  is  mounted  be- 
neath the  seat,  as  shown  in  the  accompanying  cut,  and  transmis- 
sion is  through  a  two-speed  clutch  gear  and  sprocket  connec- 
tions, to  the  rear  axle.     The  engines  used  on  these  carriages  are 


Fio.  <1 7.— Sectional  Diagram  of  the  "  Dyke  "  Motor,  mhovlnB  connectknu  of  carbui«tt« 
and  sparking  circuit. 

of  the  same  description  as  those  use<l  on  the  tonneau,  with  the 
slight  constructional  variation  necessitated  by  the  different  plan 
of  mounting  and  for  the  various  types  of  carriage  range  be- 
tween 3i  to  5  H.  P. 

The  "  Dyke  "  Runninx  Gear  — ^There  are  several  points  of  in- 
terest connected  with  the  running  gear  used  on  all  models  of  tlie 
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"Dyke"  carriapfcs.  The  body  frame,  as  we  have  seen,  is  a  rect- 
angular frame  entirety  of  angle  iron,  and  mounted  direct  upon 
the  springs.  By  this  means  the  forward  and  rear  axles  are  en- 
tirely independent  in  their  action,  and  all  the  compensating  ac- 
tion required  on  rough  or  uneven  roadways  is  thrown  upon  the 
springs,  to  the  entire  elimination  of  the  swivel  joints  and  other 
complications.  With  the  machinery  mounted  on  the  angle  iron 
frame  and  the  transmission  chain  to  the  rear  axle  disposed  at 
an  angle  to  the  countershaft,  the  tension  of  the  chain  and  the 
fixed  distance  between  the  countershaft  and  the  axle  is  constantly 
maintained  by  the  action  of  the  radius  rods.  Although  in  cross- 
ing obstructions  the  frame  tends  to  go  down,  the  chain  cannot 
become  slack,  since  the  radius  rods  force  the  rear  axle  backward 


Fio.  4I8.-8ectlon  of  the  "  Oyie  "  Float  1 

in  proportion  to  the  distance  of  the  springs,  thus  maintaining  a 
steady  drive  of  the  motor  through  any  conditions  met  with  on 
passable  roads  and  entirely  preventing  all  binding.  This  action 
of  the  radius  rods  is  made  possible  from  the  fact  that  the  rear 
springs  are  attached  to  the  body  frame  by  a  flexible  joint  running 
in  ball  bearings,  and  also  because  both  ends  of  the  radius  rods 
are  similarly  hinged.  The  merits  of  this  arrangement  seem  to 
have  been  amply  demonstrated,  both  in  points  of  superior  flexi- 
bility and  in  durability.  It  also  operates  to  economize  a  suit- 
able percentage  of  the  driving  power,  which  in  some  other  ar- 
rangements is  needlessly  wasted  by  the  inability  of  the  machine 
to  adapt  itself  to  the  requirements  of  varying  road  surfaces. 


CHAPTER   THIRTY-SIX. 

GENERAL     PRINCIPLES     OF     ELECTRICITY,     AS      APPLIED     TO 

ELECTRIC    VEHICLE    CONSTRUCTION. 

The  Use  of  Electric  Motors  on  Vehicles. — ^Vehicles  pro- 
pelled by  electric  motors,  whose  energy  is  derived  from  second- 
ary batteries,  are  much  preferred  by  many  authorities  on  account 
of  the  combined  advantages  in  point  of  cleanliness,  safety  and 
case  of  manipulation.  When  well  constructed  and  well  cared  for, 
they  are  also  less  liable  to  get  out  of  order  from  ordinary  causes. 
Among  their  disadvantages,  however,  may  be  mentioned  the 
facts  that  the  storage  batteries  must  be  periodically  recharged 
from  some  primary  electrical  source,  which  fact  greatly  reduces 
their  sphere  of  efficient  operation.  Since  at  the  present  time  road 
vehicles  driven  by  electricity  are  not  the  prevailing  type,  power 
charging  stations  are  few  and  far  between  on  the  ordinary  lines 
of  travel,  and  it  is  not  possible  to  make  a  tour  of  more  than 
twenty-five  miles,  at  the  most,  from  the  base  of  supplies.  It  is 
impossible  to  counteract  this  deficiency  by  carrying  an  extra  set 
of  batteries,  since  these  are  so  immensely  heavy,  as  usually  con- 
structed, as  to  greatly  curtail  the  speed  and  carrying  power  of  the 
vehicle.  It  is  also  impracticable  to  propel  a  vehicle  by  a  battery 
of  primary  cells  carried  within  it,  since  a  battery  of  sufficient 
power  to  propel  the  vehicle  would  have  little,  if  any,  advantage 
in  point  of  endurance  over  secondary  cells,  and  when  once  ex- 
hausted must  be  entirely  replaced.  One  or  two  attempts  to  use  a 
primary  battery  on  a  motor  vehicle  have  been  recorded,  but  the 
great  waste  and  expense  involved  must  continue  to  render  such  a 
construction  more  of  a  toy  and  an  experiment  than  a  practical 
possibility.  Some  machines,  particularly  of  European  manufac- 
ture, have  attempted  to  combine  the  use  of  electricity  with  the 
explosive  motor,  the  latter  serving  the  double  duty  of  driving 
the  carriage  and  charging  the  batteries,  which  may  then  be  used 
to  supply  energy  for  the  electric  motors.  It  must  be  said,  how- 
ever, that  such  a  carriage  as  this  is  heavy  and  complicated  to  a 
point  vastly  in  excess  of  the  advantages  supposedly  gained. 

637 
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Conditions  of  Electrical  Activity — There  are  two  kinds  of 
electricity  according  to  the  usual  classification :  static  electricity 
and  current  electricity.  As  a  matter  of  fact,  however,  the  differ- 
ence is  rather  a  question  of  phenomena  than  of  anything  more 
fundamental.  The  term,  static  electricity,  refers  to  the  phe- 
nomena observed  in  the  charging  of  a  condenser,  and  is  attribu- 
table to  the  fact  that  a  body  of  high  electrical  potential  imparts 
a  portion  of  its  energy  to  another  having  a  lower  potential,  just 
as  a  heated  body  gives  off  a  part  of  its  heat  to  a  cold  body,  equal- 
izing the  temperature.  The  phenomena  observed  in  connection 
with  the  .electric  current  differ  from  the  "shock"  of  the  static 
electricity  only  in  the  fact  that  the  current  marks  a  continuous 
passage  of  electrical  energy  from  a  point  of  high  potential  to  one 
of  lower  potential,  showing  that  the  source  of  E.  M.  F.  is  con- 
stant, just  as  a  substance  in  combustion  constantly  gives  off  heat. 
This  fact  is  shown  in  all  types  of  electrical  generators,  the  gal- 
vanic cell  operating  on  the  principle  that  the  positive,  or  high 
potential,  pole  constantly  transmits  its  energy  along  the  circuit 
to  the  negative,  or  low  potential,  pole.  The  difference  in  poten- 
tial, thus  observed,  indicates  a  specific  physical  property  differing 
in  the  substances  composing  the  two  electrodes.  The  dynamo 
electrical  generator  operates  according  to  the  laws  of  magnets, 
which  invariably  have  the  same  bi-polar  constitution. 

The  conditions  governing  the  transmission  of  electrical  energy 
from  a  point  of  high  potential  and  the  intensity  of  the  current  in 
the  circuit  are  perfectly  analogous  to  the  action  of  a  heated  body 
in  transmitting  a  certain  portion  of  its  heat  to  another  body,  al- 
though, after  this  correspondence  has  been  established,  the  re- 
semblance is  not  as  readily  recognizable. 

ElectricityConsideredasaForce. — Modem  science  holds,  as  a 
fundamental  principle,  that  all  force  is  one,  and  that  its  various 
manifestations  are  co-relative  and  transmutable.  Thus  it  is  that 
heat  under  proper  conditions  can  occasion  electrical  effects,  and 
that  an  electric  current  can  produce  both  heat  and  light. 

Although  the  various  manifestations  of  natural  force  are 
analogous  in  their  operation,  and,  as  we  have  stated,  capable  of 
being  transmuted  one  into  the  other,  it  must  not  be  supposed 
that  they  are  in  any  practical  sense  to  be  identified.  Heat  is  a 
physical  condition,  which  produces  the  effect  of  expansion  in  the 
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majority  of  substances,  solid,  liquid  and  gaseous.  It  is  also  mani- 
fested in  the  chemical  process  known  as  combustion.  Electricity 
is  also  known  by  the  conditions  it  produces,  causing  heat  and 
many  of  its  phenomena,  but  most  familiarly  apparent  in  attrac- 
tions and  repulsions,  both  molecular  and  magnetic,  and  in  chemi- 
cal disturbances  and  decomposition.  It  has  been  defined  by  a 
noted  physicist  as  a  "powerful  physical  agent."  which  is  differen- 
tiated from  other  physical  conditions  solely  by  its  peculiar  effects. 

Units  of  Electrical  Measurement. — It  may  be  said  in  a  gen- 
eral way  that  the  electric  motor  has  one  point  of  advantage  over 


Fio.iai.— "ColumbU"  Electric  Cubrluk't  in  typica]  American  clectrlcTfhLcle.  Thiacar- 
riofrs  weiehB  complele  about  3.800  pnunilH;  hax  a  radius  of  forty  miles  on  a  completr 
cbarge  of  Its  battery,  and  a  maximum  speed  of  fourteen  miles, 

any  heat  engine,  in  the  fact  that  it  is  much  more  flexible  in  opera- 
tion, which  is  to  say  more  easily  regulated,  as  to  speed  and  power 
efficiency.  It  is  also  possible  to  obtain  a  vastly  closer  approxi- 
mation to  theoretical  requirements  under  the  conditions  of  prac- 
tical operation,  and  to  estimate  much  more  precisely  the  power 
efficiency  to  be  obtained  from  a  given  electrical  source  on  any 
given  circuit.  This  is  because  the  available  working  energy',  in 
terms  of  amperes,  is  in  exact  proportion  to  the  voltage  and  re- 
sistance of  the  circuit,  as  well  as  to  the  amount,  of  efficient  activity 
in  terms  of  work  accomplished  and  'time  consumed.    As  we  have 
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already  seen,  the  power  efficiency  of  a  steam  engine  is  estimated 
in  the  first  place,  in  terms  of  heat  and  power  units ;  secondly,  in 
terms  of  foot-pounds  or  the  efficiency  of  the  engine  to  move  so 
many  pounds  through  such  a  space  in  such  a  length  of  time; 
and  thirdly,  in  terms  of  gauge  pressure  or  estimated  temperature. 
In  short,  the  units  of  power  are  all  stated  in  terms  of  pounds, 
feet  and  seconds  in  estimating  the  power  passed  on  any  given 
electrical  circuit.  The  units  of  electrical  measurement  are  stated 
in  terms  of  length,  weight  and  time,  which  is  to  say  in  terms  of 
centimeters,  grams  and  seconds.  This  gives  the  C.  G.  S.  units, 
as  they  are  called,  which  are  estimated  in  accordance  with  the 
decimal  system  of  measures.  The  units  thus  established  are,  of 
course,  largely  arbitrary — ^just  as  are  all  units — ^but  they  have 
been  carefully  estimated,  so  that  the  proportions  between  cur- 
rent strength,  circuit  resistance  and  voltage  may  be  accurately 
maintained. 

The  Ohm,  the  Unit  of  Resistance. — The  first  unit  of  electri- 
cal measurement  with  which  we  have  to  deal  is  the  ohm,  which  is 
the  unit  of  resistance.  This  unit  measures  not  only  the  relative 
resistance  of  a  circuit  composed  of  a  conducting  wire  of  a  given 
length  and  diameter,  as  compared  with  wires  of  different  length 
and  diameter,  composed  of  the  same  material ;  but  also  the  speci- 
fic resistance,  or  resistivity,  which  refers  to  the  immense  varia- 
tions in  resisting  quality  found  between  given  wires  of  the  same 
length  and  cross-section,  made  of  different  materials.  The  differ- 
ent resistivity  of  several  different  metals,  as  found  in  circuits, 
precisely  similar  in  all  points  of  dimensions,  is  demonstrated  in 
the  fact  that,  while  a  unit  wire  of  silver  shows  a  conductivity  of 
lOO,  and  one  of  copper,  99,  a  wire  of  iron  gives  only  16.80. 

The  value  of  the  ohm,  as  fixed  by  the  Electrical  Congress,  at 
the  Columbian  Exposition  in  1893,  is  equivalent  to  the  resistance 
offered  to  one  volt  of  E.  M.  F.  by  a  column  of  mercury  106.3 
centimeters  in  height  (about  41.3  inches),  and  one  square  mille- 
meter  (.00155  square  inch)  cross-section,  determined  at  the  tem- 
perature of  melting  ice  (39**  Fahrenheit).  Mercury  was  chosen 
for  this  test,  because  on  the  scale  giving  a  conductivity  of  100  to 
silver,  it  stands  t.6,  while  its  resistivity  is  99.7,  as  compared  with 
1.52  for  silver ;  being  thus  very  nearly  unity  in  the  first  particular, 
and  100  in  the  second.    One  ohm  is  also  equivalent  to  the  resist- 
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ance  to  be  encountered  in  one  foot  of  No.  40  B.  &  S.  copper  wire, 
which  has  a  diameter  of  .003145  inch,  or  3.145  mils;  or  to  the  re- 
sistance encountered  in  about  two  miles  of  the  copper  wire  used 
in  electric  trolley  lines.  In  both  cases  we  have  approximately 
the  equivalent  of  the  afore -mentioned  column  of  mercury,  if  the 
test  is  made  at  a  temperature  of  45°  Fahrenheit.  In  general,  the 
resistance  of  a  circuit  varies  inversely  as  the  diameter  of  the  wire. 
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and  directly  as  the  length  of  the  wire.  In  this  respect,  the  waste 
or  absorption  of  electrical  energy  required  in  any  circuit  to  over- 
come the  resistance  before  accomplishing  any  actual  work,  may 
be  compared  directly  to  the  corresponding  loss  of  (cmperature 
and  consequent  pressure  of  steam,  when  it  is  conveyed  to  the 
engine  by  tubes  of  relatively  smaller  diameter  or  unusual  length. 
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thus  affording  a  proportionately  greater  opportunity  for  such 
losses  as  are  due  to  radiation  and  convection;  the  loss  in  effi- 
ciency in  both  cases  being  due  to  the  fact  that  a  relatively  greater 
proportion  of  energy  is  consumed  in  affecting  conditions  exter- 
nal to  the  motor  or  circuit. 

The  Ampere,  the  Unit  of  Current. — The  unit  of  electrical 
current  is  called  the  ampere,  which  has  been  authoritatively  fixed 
as  the  equivalent  of  the  current  strength,  which  can  deposit 
.00033  gr^n^s  of  metallic  copper,  by  the  electro-plating  process, 
in  each  second  of  time.  In  this  respect  it  measures  not  only  the 
current  intensity,  or  available  working  energy,  but  also  the 
rapidity  of  its  exercise.  The  work  above  stated  might  readily  be 
accomplished  by  a  given  current  in  ten  seconds,  instead  of  in  one, 
but  such  a  current  would  not  have  the  value  of  one  ampere,  only 
of  I- 10  ampere — since  it  required  ten  times  as  long  to  accom- 
plish the  result. 

Another  frequently  mentioned  analogy  for  the  ampere  is  the 
so-called  miner's  inch,  which  represents  the  product  of  an  ori- 
fice one  inch  square,  through  which  water  is  allowed  to  escape 
from  a  given  tank  or  flume,  by  the  height  of  the  column  of  water 
in  the  tank,  in  inches.  The  miner's  inch,  is,  therefore,  in  the  first 
place,  a  measure  of  rate  or  velocity,  giving  inch-seconds  in  fact, 
or  the  number  of  cubic  inches  of  water  passed  in  each  second  of 
time.  Thus,  while  water  flows  at  the  rate  of  so  many  miner's 
inches,  the  electrical  current  flows  at  the  rate  of  so  many  am- 
peres; the  rate  per  second,  in  both  cases,  being  directly  rela- 
tive to  the  original  pressure  of  energy  at  the  source.  Thus,  it  is 
inaccurate  to  speak  of  an  ampere  per  second,  since  such  an  ex- 
pression means  simply  a  current  of  one  ampere;  thus  also,  in 
speaking  of  a  current  of  ten  amperes,  for  example,  we  do  not 
refer  to  the  amount  of  current  passed  in  ten  seconds,  but  to  that 
passing  in  one  second.  There  is,  however,  a  unit  of  electrical 
measurement,  which  is  called  the  coulomb,  or  ampere-second, 
which  is  the  measure  of  electrical  quantity,  being  equivalent  to 
the  product  of  the  amperage  of  the  current  by  the  number  of 
seconds  it  has  been  flowing. 

The  Volt,  the  Unit  of  Pressure. — Having  determined  the 
value  of  the  resistance  unit  and  current  unit,  it  is  a  simple  matter 
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to  determine  the  voltage  produced  by  an  electrical  source.  One 
volt  E.  M.  F.  can  produce  a  current  of  one  ampere  on  a  circuit 
having  a  resistance  of  one  ohm.  There  are  several  specified 
equivalents  for  estimating  the  exact  value  of  one  volt  E.  M.  F., 
but  these  usually  refer  to  the  determined  capacity  of  some  given 
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type  of  galvanic  cell.  It  is  sufficient  to  say,  however,  for  ordi- 
nary purposes,  the  majority  of  commercial  chemical  cells  are 
constructed  to  yield  approximately  one  volt.  The  ordinary 
Daniell  cell  used  in  telegraphy  has  a  capacity  of  1.08  volt,  and 
the  common  type  of  Leclanche  cell  gives  about  1.50. 
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Ohm's  Law  of  Electrical  Circuit  — The  value  of  the  volt,  as 
just  given,  which  is  to  say,  the  amount  of  E.  M  F.  able  to  pro- 
duce a  current  of  one  ampere  through  the  resistance  of  one  ohm, 
gives  us  a  very  good  general  statement  of  the  fundamental  prin- 
ciple of  electrical  science,  which  is  popularly  known  as  Ohm's 
Law.  This  is  a  law  of  proportions  between  the  three  factors  in 
the  production  of  electrical  energy,  by  which  any  one  of  them, 
as  well  as  the  total  power  efficiency  of  the  circuit,  may  be  readily 
determined. 
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Ohm's  Law  may  be  specifically  stated  under  six  heads,  as  fol- 
lows: 

(i)  The  current  is  in  direct  proportion  to  the  electromotive 
force,  and  in  inverse  proportion  to  the  resistance. 

{2)  The  current  is  equal  to  the  electromotive  force,  divided  by 
the  resistance. 

(3>  The  resistance  varies  directly  with  the  electromotive  force, 
and  inversely  with  the  current;  hence. 


ELECTRICAL  PRINCIPLES.  645 

(4)  The  resistance  is  equal  to  the  electromotive  force,  divided 
by  the  current. 

(5)  The  electromotive  force  varies  directly  with  the  current 
and  with  the  resistance ;  hence, 

(6)  The  electromotive  force  is  equal  to  the  current  multiplied 
by  the  resistance. 

As  may  be  readily  understood,  however,  all  these  various  rules 
are  merely  so  many  different  ways  of  stating  the  proposition  in- 
volved in  the  first,  which  is,  in  fact,  simply  equivalent  to  that  in- 
volved in  the  definition  of  the  ohm  already  given. 

The  Watt,  the  Unit  of  Activity.— Having  stated  the  law  of 
proportions  between  the  various  component  elements  of  a  live 
circuit,  we  may  readily  see  that  the  unit  of  active  work  performed 
by  the  current  must  stand  in  some  determinable  proportion  to 
the  other  elements.  Accordingly,  we  find  that  the  unit  of  electri- 
cal activity,  which  is  known  as  the  watt,  and  which  represents  the 
rate  of  energy  of  one  ampere  of  current  under  a  pressure  of  one 
volt,  is  equivalent  to  the  product  of  the  voltage  by  the  amperage. 

Other  equivalents  of  the  watt  make  it  equal  to  the  product  of 
the  resistance  by  the  square  of  the  current,  or  the  quotient  of  the 
square  of  the  voltage  by  the  resistance.  Thus,  a  current  of  ten 
amperes  at  a  pressure  of  2,000  volts  will  develop  20,000  watts, 
as  will  also  another  given  current  of  400  amperes  at  fifty  volts. 

The  operative  capacity  of  an  electrical  motor  is  usually  stated 
in  terms  of  watts,  or  kilowatts  (1,000  watts),  which  may  be  re- 
duced to  horse-power  equivalents  by  dividing  by  746,  which  fig- 
ure indicates  the  number  of  watts  to  an  electrical  horse-power. 


Fio.  425.— Diagram  illustrating  the  directions  of  the  current  in  the  field  windinprs  and  the 
induced  current,  as  found  in  magnets,  solenoids  and  dynamo  operation. 


CHAPTER  THIRTY-SEVEN. 

THE  CONSTRUCTION  OF  THE  DYNAMO  ELECTRICAL  GEN- 
ERATOR AND  THE  ELECTRICAL  MOTOR. 

Electrical  Induction. — Electrical  induction,  as  manifested  in 
its  simplest  form,  has  been  repeatedly  demonstrated  by  two  con- 
tiguous circuits  of  wire,  the  one  containing  an  electric  battery  or 
other  source  of  current,  together  with  a  switch  for  alternately 
opening  and  closing  the  circuit  as  desired;  the  other  circuit  of 
wire  containing  no  battery  or  other  source  of  current,  but  hav- 
ing its  terminals  connected  to  a  galvanometer.  If,  now,  we  close 
the  first  circuit,  allowing  the  current  to  flow  from  the  electrical 
source,  we  will  observe,  as  indicated  by  the  galvanometer,  that  a 
current  of  somewhat  less  strength  is  flowing  in  the  other  circuit, 
in  an  opposite  direction.  This  induced  current,  however,  is  only 
momentary,  continuing  only  long  enough  to  allow  its  strength 
and  direction  to  be  recorded.  On  opening  the  circuit,  including 
the  battery,  thus  cutting  off  the  current,  we  again  notice,  as  re- 
corded by  the  galvanometer,  that  a  current,  weaker  than  the  first 
one  observed,  is  flowing  in  the  second  circuit  in  the  same  direc- 
tion as  that  which  has  just  been  cut  off  in  the  first.  This  current 
is  also  momentary. 

In  regard  to  this  phenomenon,  several  principles  may  be 
stated : 

(i)  Increasing  the  strength  of  the  current  in  circuit  i  increases 
the  strength  of  the  momentary  current  in  circuit  2. 

(2)  Decreasing  or  cutting  off  the  current  in  circuit  I  decreases 
the  strength  of  the  current  in  circuit  2,  also  causing  it  to  flow  in 
the  same  direction  as  the  current  in  circuit  i. 

(3)  If  we  move  the  current-carrying  wire  of  circuit  i  nearer 
to  the  wire  of  circuit  2,  we  will  find  that  a  strong  current  is  in- 
duced in  circuit  2,  which  moves  in  a  direction  opposite  to  that  in 
circuit  I.  If  we  move  the  wire  in  circuit  i  further  from  the  wire 
in  circuit  2,  we  find  that  a  weaker  current  is  induced  in  circuit  2, 
moving:  in  the  same  direction  as  that  in  circuit  i. 

(4)  If  the  wire  used  in  circuit  i  is  of  low  resistance  and  that 
used  in  circuit  2  is  of  high  resistance,  the  current  induced  in  cir- 
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cuit  2  will  show  a  greater  electromotive  force  than  that  flowing 
in  circuit  i .  Conversely,  if  the  wire  used  in  circuit  i  be  of  higher 
resistance  than  that  used  in  circuit  2,  the  current  induced  in  cir- 
cuit 2  will  show  a  lower  electromotive  force  than  that  flowing 
in  circuit  I. 

The  Production  of  Magnets. — ^The  most  familiar  operation  of 
current  induction  is  seen  in  the  production  of  an  electro-magnet, 
which  consists  of  a  core  of  soft  iron  wound  about  with  a  certain 
length  of  insulated  wire,  preferably  copper,  on  account  of  its  high 
conductivity.    As  soon  as  a  current  is  sent  through  the  wire 


Fio.  496.— Diapram  Illustratinir  the  Action  of  Voltaic  Induction  Between  Two  Circuits: 
the  one  iucludini?  a  source  of  electrical  energy  and  a  switch;  the  other  including  a 
galvanometer,  but  having  no  cell  or  otlier  electrical  source.  The  direction  of  the 
battery  current  in  circuit  1  is  indicate<I  by  the  arrow;  the  arrow  in  circuit  2  showing 
the  direction  of  the  induced  current. 


coiled  about  the  iron  core,  its  effects  are  seen  in  the  fact  that  the 
core  becomes  magnetic,  attracting  iron  and  steel  bodies,  and  in 
general  exerting  an  observable  effect  upon  any  polarized  con- 
ductor, such  as  a  solenoid.  As  soon  as  the  current  in  the  insu- 
lated winding  is  cut  off,  the  iron  core  loses  its  magnetic  prop- 
erties. If,  however,  a  core  of  hardened  steel  be  similarly  wound 
with  insulated  wire,  and  a  strong  current  be  sent  through  it,  the 
result  will  be  that  the  steel  will  become  a  permanent  magnet, 
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which  is  able  to  exert  the  characteristic  magnetic  eflEects  for  a 
practically  indefinite  period. 

A  bar  of  iron  or  steel  thus  temporarily  or  permanently  mag- 
netized invariably  shows  the  phenomenon  of  polarity,  manifested 
in  the  first  place  by  the  ability  to  attract  the  unlike  poles  and  re- 
pel the  like  poles  of  another  magnet,  the  poles  being  always  de- 
termined as  positive  or  negative  by  the  points  of  the  inlet  or  exit 
of  the  current,  as  in  the  case  of  solenoids.  The  magnet  can  also 
induce  a  momentary  current  in  a  closed  circuit  of  wire  in  exactly 
the  same  fashion  just  described  in  connection  with  the  ordinary 
action  of  current  induction.  These  simple  experiments  demon- 
strate the  fact  that  between  the  poles  of  any  magnet  there  is  a 
continual  operation  of  force,  the  lines  and  activity  of  which  may 
be  shown  by  scattering  iron  filings  on  and  between  the  two  ex- 
tremities. These  iron  filings,  if  allowed  to  adjust  themselves,  in 
obedience  to  the  magnetic  force  exerted  upon  them,  will  be  found 
to  be  thickest  at  the  points  nearest  the  extremities  of  the  poles, 
and  lightest  at  the  points  furthest  from  the  extremities,  in  the 
latter  positions  describing  arcs  of  circles,  thus  showing  the 
strength  and  direction  of  the  force  acting  upon  them.  Further, 
the  intensity  of  the  magnetic  force  is  shown  to  be  greatest  when 
the  two  poles  are  connected  by  a  piece  of  iron  or  steel,  known  as 
an  armature,  this  being  efficient  in  prolonging  the  magnetic  ac- 
tivity of  a  permanent  magnet,  and  preventing  the  dissipation  of 
the  magnetic  force  through  a  much  longer  period. 

Electrical  Dynamos  and  riotors. — ^The  machines  for  con- 
verting mechanical  movement  into  electrical  current,  and  for 
converting  electrical  current  into  mechanical  movement,  in  other 
words,  the  dynamo  generator  and  the  electric  motor,  respectively, 
are  the  same  so  far  as  the  general  features  of  their  construction 
are  concerned.  In  operation,  however,  the  motor  is  the  exact 
reverse  of  the  dynamo.  As  just  stated,  the  theory  of  electrical 
generation  by  mechanical  means  is  that  the  lines  of  force  of  a 
magnet  should  be  cut  through,  so  that  their  strength  and  direc- 
tion at  any  point  or  at  any  time  should  be  made  to  vary  con- 
stantly. In  addition  to  this,  it  is  necessary  that  there  should  be 
some  means  of  collecting  the  current,  resulting  from  the  con- 
tinual disturbance  of  the  magnetic  field,  and  supplying  it  to  a 
circuit. 
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The  Operative  Principles  of  a  Dynamo. — In  order  to  review 
the  principles  involved  in  both  the  generation  and  mechanical 
utilization  of  the  electrical  current,  it  will  be  necessary  briefly  to 
enter  into  somewhat  rudimentary  principles.  In  an  accompany- 
ing cut  may  be  seen  a  diagram  representing  the  simplest  con- 
ceivable dynamo  electric  generator.  As  may  be  seen,  the  spindle, 
A,  rotates  between  the  two  poles,  N  and  S^  of  the  magnet.  Upon 
this  spindle.  A,  is  carried  a  loop  of  wire,  the  two  terminals  of 
which  are  connected  to  the  two  drums  carried  on  the  forward 
end  of  A,  The  metal  of  these  drums,  as  indicated  in  the  cut,  is 
insulated  from  A,  so  that  all  the  electric  current  generated  by  the 
machine  may  be  taken  up  by  the  brushes,  B*,  B'.  It  is  obvious 
that,  when  the  spindle,  A,  is  rotated  in  the  direction  of  the  arrow 
at  the  top  of  the  cut,  the  double  loop,  CC,  will  cut  through  the 
lines  of  force,  indicated  by  the  dotted  lines  between  N  and  5". 
Since,  therefore,  these  lines  of  force  have  a  more  direct  path  be- 
tween the  two  poles,  when  the  loop,  CC,  is  in  a  horizontal  posi- 
tion than  when  it  is  in  a  vertical  position,  as  shown  in  the  cut, 
it  follows  that  the  momentary  current  induced  in  the  circuit 
formed  by  brush,  B*,  loop  C,  brush,  B\  and  the  outside  circuit 
wire,  £,  connecting  the  two  brushes,  will  constantly  vary  in 
strength,  and  also  in  direction  of  movement,  as  the  two  parts  of 
the  loop  are  moved  towards  and  from  the  poles,  N  and  5".  Since 
the  direction  of  the  current  must  constantly  fluctuate  with  the 
movement  of  the  armature  loops,  CC,  it  follows  that  the  current 
delivered  to  the  outside  circuit,  JE,  through  the  two  brushes,  will 
be  an  alternating  current,  which  is  to  say,  one  flowing  first  in 
one  direction  and  then  in  another,  the  potential  varying  with  the 
direction  of  flow.  In  order  to  make  the  current  flow  constantly 
in  one  direction,  it  is  necessary  to  use  a  collector  or  commutator, 
the  construction  of  which  will  be  explained  in  place.  Without 
•this  all  dynamo  currents  would  be  alternating. 

The  armature  of  a  practical  dynamo  or  motor  differs  from  the 
simple  loop  shown  in  the  figure  just  mentioned,  principally  in 
the  fact  that  a  large  number  of  such  loops  are  mounted  on  a 
single  rotating  spindle,  so  that  the  magnetic  lines  of  force  are 
cut  through  a  correspondingly  larger  number  of  times  in  a  given 
period,  with  the  result  that  the  poles  are  shifted  at  a  much  higher 
frequency,  and  the  alternations  of  the  produced  current  are  much 
more  rapid. 
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The  E»8entlal  Parts  ol  Dynamos  and  Motors. — The  essen- 
tial parts  of  a  dynamo  generator  and  also  of  an  electric  motor 
are: 

(i)  The  field  magnets  constructed  like  ordinary  electro-mag- 
nets, and  having  two  or  any  even  number  of  opposed  poles  with 
their  windings  connected  in  series. 

(2)  The  armature  rotating  between  the  fields,  so  as  to  cut  the 
lines  of  magnetic  force. 

(3)  The  pole  pieces,  which  are  the  exposed  ends  of  the  magnet 
cores. 

(4)  The  commutator  or  collector. 
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(5)  The  brushes  which  rest  upon  the  cylindrical  surfaces  of 
the  commutator,  and  as  the  terminals  of  the  outside  circuit,  take 
up  and  deliver  the  current  generated  in  the  coils  of  the  armature. 

The  Varieties  of  Dynamo-Qenerators. — ^There  are  a  number 
of  species  of  dynamo,  discriminated  according  to  the  use  for 
which  they  are  intended,  the  arrangement  of  the  armatures,  the 
winding  of  the  field  magnets,  and  the  kind  of  current  they  are  in- 
tended to  produce.  For  general  purposes,  however,  we  may 
discriminate  three  familiar  forms  of  dynamo,  according  to  the 
system  adopted  in  the  winding  of  the  field  magnets ;  these  are : 

(l)  Series-wound  dynamos,  in  which  the  two  poles  of  the  mag- 
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net  are  wound  with  a  few  turns  of  a  heavy  low  resistance  wire, 
one  terminal  of  which  is  connected  to  one  of  the  brushes,  moving 
thence  entirely  around  both  pole  cores,  thence  to  the  outside  line 
and  back  through  the  other  brush. 

(2)  Shunt-wound  flynamos  are  wound  in  the  same  fashion  as 
tl.e  sericB-wound,  with  the  exception  tliat  the  pole  cores  are 
wound  with  a  large  number  of  turns  of  high  resistance  wire,  the 
field  windings,  however,  forming  a  shunt-circuit  from  the  main 
outside  circuit,  which  has  its  terminals  at  the  two  brushes  bear- 
ing on  the  armature.  The  terminals  of  the  field  magnets  are  also 
connected  to  the  brushes. 


Fio.  «8.— A  Typical  Dynamo-Bectrical  Oenerator,  with  p&rU  lettered.  A.  the  innk- 
ture;  B,  B,  tlie  bnwlna:  C,  the  eommuiator:  E,  X  the  wlndlngH  of  the  fielil  magneU; 
U,  the  pole  piece  of  Iho  salient  flH<lmmrnel;  F.  F,  beariUKB  of  the  armature  spiadle; 
L,  L,  the  leul  wires;  P.  the  pulley;  T,  T,  terminal  connecUona  of  the  outaltle  circuit. 

(3)  Compound-wound  dynamos  combine  the  features  of  both 
the  series  and  shunt-wound  machines,  having  the  field  magnets 
double-wound  with  (a)  a  tew  turns  of  heavy  low  resistance  in- 
sulated wire  connected  to  circuit  as  in  the  series-wound  dynamos, 
and  (b)  a  second  winding  arranged  precisely  as  in  a  shunt-wound 
dynamo. 

Shunted  Field  Winding,  Their  Use.— The  object  of  using  a 
shunted  circuit  for  the  windings  of  field  magnets  is  that  the  ma- 
chine may  more  readily  excite  its  own  fields  at  starting,  and  tHat 
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the  current  may  be  produced  before  the  rotating  armature  has 
fully  taken  up  its  speed.  Some  dynamos  have  their  fields  excited 
by  a  separate  soivce  of  electrical  energy,  in  which  case  the  mag- 
net windings  are  not  connected  to  the  brushes'  ends,  on  the 
armature,  but  direct  to  the  terminals  of  the  outside  source  of 
electrical  energy.  As  a  usu?l  thing,  however,  it  is  unnecessary 
t  use  a  separate  source  of  current,  for  exciting  the  magnetic 
fields,  since  there  is  a  sufficient  amount  of  residual  magnetism, 
acting  between  the  poles  of  the  magnets,  to  start  the  generation 
of  electrical  energy,  as  soon  as  the  armature  begins  to  rotate. 

Residual  Magnetism  and  Current  Generation  — ^This  residual 
magnetism,  which  is  a  familiar  property  of  an  electro-magnet, 
that  has  once  been  magnetized,  of  course,  has  very  weak  lines 
of  force  at  the  beginning  of  the  rotation,  but  these  weak  lines, 
being  cut  through  by  the  coils  of  the  armature,  are  able  to  pro- 
duce a  small  amount  of  E.  M.  F.,  which  sends  a  minute  current 
through  the  windinp-s  of  the  field  magnets,  in  consequence  of 
which  both  the  E.  M.  F.  and  the  field  currents  are  constantly 
increased  until  the  rotation  of  the  armature  has  reached  its 
maximum  speed.  At  this  point,  also,  the  output  of  the  electrical 
energy  has  attained  its  highest  point. 

Construction  of  a  Practical  Armature. — The  armature  of  a 
dynamo  or  motor  consists  of  a  drum  or  ring  forming  a  core  and 
support,  upon  which  a  number  of  coils  of  insulated  copper  wire 
are  wound  in  the  same  general  fashion  as  has  been  shown  in 
connection  with  the  ideal  simple  dynamo  already  mentioned. 
The  drum  or  ring  forming  the  supporting  core  is  attached  to 
the  rotating  spindle  by  a  spider  or  key.  The  latter  attachment 
is  universally  used  with  drum  armatures.  The  most  usual 
method  of  constructing  armature  cores  for  dynamos  is  to  build 
them  up  by  placing  together,  face  to  face,  a  number  of  thin 
discs  of  soft  sheet  iron,  which  are  insulated  one  from  the  other 
bv  suitable  varnish  or  enamel.  The  circumference  of  each  of 
these  discs  is  toothed  or  serrated,  so  that  when  a  number  of 
them  are  placed  together  the  cylindrical  armature  body  has  a  cor- 
respondine  number  of  deep  e^rooves  runninor  m  its  leneth.  Into 
these  ^ooves  the  insulated  wire  of  the  windinjsr  is  inserted.  The 
greater  the  number  of  the  teeth  in  the  circumference  of  the  arma- 
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tiire  drum,  the  smaller  the  danger  involved  in  the  production  of 
eddy  currents,  which  are  a  troublesome  source  ol  overheating 
and  other  derangements  of  the  machine.  It  is  essential  that  the 
cores  of  the  rotating  armature  should  be  composed  of  the  softest 
iron  in  order  that  the  greatest  magnetic  permeability  may  be  ob- 
tained, since  the  body  of  the  armature  forms  an  integral  part 
of  the  circulation. 

The  Commutator  and  Its  Use. — ^The  commutator  of  the 
dynamo  or  motor  is  one  of  the  most  essential  elements  in  the 
generation  and  use  of  the  current;  Its  function  i»  to  collect  the 
current  produced  by  the  cutting  of  the  lines  of  magnetic  force,  so 
as  to  cause  them  all  to  concur  to  a  desired  result,  transforming 
what  would  naturally  be  an  alternating  current  into  a  direct  cur- 
rent. As  usually  constructed,  the  commutator  consists  of  a  num- 
ber of  L-shaped  metal  pieces,  which  are  so  formed  that  when 
one  arm  of  each  piece  is  connected  to  the  insulating  disc  at  the 
end  of  the  armature  drum,  the  other  arm  will  constitute  one  seg- 
ment of  the  cylinder  arranged  around  the  armature  spindle.  In 
general,  the  commutator  is  formed  of  alternating  sections  of  con- 
ducting and  non-conducting  material,  running  lengthwise  to  the 
axis,  upon  which  it  turns.  Each  segment,  as  we  have  already 
seen,  constitutes  the  point  of  connection  between  two  sections 
of  the  armature  winding ;  it  is  thus  possible  to  collect  the  currents 
induced  in  the  winding  at  the  desired  point,  for  although  the 
effect  of  the  magnetic  induction  upon  the  windings  of  the  arma- 
ture naturally  tend  to  produce  an  alternating  current,  as  already 
suggested,  there  are,  as  will  be  subsequently  explained,  certain 
points  in  the  rotation  of  the  armature  at  which  the  induced  cur- 
rents invariably  move  in  one  direction,  owing  to  the  permanence 
of  the  magnetic  conditions  at  those  points.  These  points  are 
known  as  the  neutral  points,  or  points  of  commutation,  and  in 
order  that  the  direction  of  the  current  sent  over  the  outside  cir- 
cuit may  be  perfectly  constant,  the  brushes  which  form  the  ter- 
minals of  that  circuit  are  here  placed  upon  the  commutator.  In 
other  words,  the  brushes  are  so  arranged  that  they  will  bear  upon 
the  conducting  segment  of  the  commutator  at  exactly  the  neutral 
point  in  the  rotation  of  the  armature.  These  neutral  lines  are 
situated  at  either  extremity  of  its-  determined  diameter  of  com- 
mutation, which  diameter  is  theoretically  at  right  angles  to  the 
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direction  of  the  magnetic  lines  oi  force,  as  estimated  for  a  two- 
pole  magnet,  and  would  be  in  that  position  practically  but  (or 
the  magnetic  lag,  which  slightly  varies  the  angle.  The  number 
of  segmental  bars  on  the  cylindrical  end  of  the  commutator  is 
naturally  dependent  upon  the  scheme  oF  winding  adopted  on  the 
armature,  and  the  number  of  sections  into  which  it  is  grouped. 
In  general,  an  increase  in  the  number  of  segmental  bars  dimin- 
ishes the  tendency  to  spark  and  lessens  the  fluctuations  of  the 
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current.  The  increase  in  the  number  ot  bars,  however,  has  fixed 
limits  for  several  reasons.  In  the  first  place,  principally  in  large 
machines,  a  great  increase  in  the  number  of  bars  has  a  tendency 
to  increase  the  voltage  of  the  dynamo  beyond  the  safe  limit.  In 
smaller  dynamos,  trouble  speedily  arises  from  the  fact  that  cacli 
bar  becomes  so  thin  that  a  brush  of  proper  thickness  to  collect 
the  current  would  lap  or  bridge  over  more  than  two  of  them  at 
once. 


CHAPTER   THIRTY-EIGHT. 

THE  OPERATION  OF  ELECTRICAL  GENERATORS  AND  MOTORS. 

Conditions  of  Dynamo  Operation. — The  dynamo  electrical 
generator  is  a  very  sensitive  and  delicately  organized  machine, 
demanding  for  its  efficient  operation  perfect  adjustment  of  its 
various  parts  and  a  constant  watchfulness  for  any  symptoms  of 
dynamo  disease,  overheating  or  sparking,  or  any  of  the  results 
usually  following  imperfect  adjustment  or  careless  handling. 
These  conditions,  however,  need  not  be  enlarged  upon  here, 
since  we  are  concerned  only  with  the  essentials  of  construction 
alike  to  the  dynamos  and  motors,  and  with  the  general  principles 
upon  which  the  generation  and  use  of  the  electrical  current  de- 
pend. 

As  already  stated,  the  operation  of  a  self-excited  dynamo  is 
largely  indicative  of  the  principles  upon  which  it  operates :  The 
cutting  of  the  lines  of  the  residual  magnetism  between  the  cores 
of  the  field  magnets,  the  production  of  induced  currents  in  the 
coils  of  the  armature,  and  their  transmission  through  the  circuit 
of  the  field  magnet  windings,  where  they  are  efficient  in  increas- 
ing the  magnetism  of  the  cores,  also  the  E.  M.  F.  output  of  the 
machine,  as  the  rotation  of  the  armature  approaches  the  maxi- 
mum speed. 

The  Polarization  of  the  Armature. — The  usual  rule  applying 
to  the  efficient  operation  of  a  dynamo  is  that  the  E.  M.  F.  pro- 
duced is  in  proportion  to  the  number  of  turns  of  wire  wound 
about  the  armature,  and  within  definite  limits  also  to  the  speed 
of  its  rotation.  The  result  of  the  rotation  of  the  dynamo  arma- 
ture is  to  produce  a  number  of  reactions  between  its  windings 
and  the  magnetic  field,  with  the  result  that  the  armature  itself  be- 
comes a  magnet,  being  constantly  polarized  at  certain  definite 
points  in  its  path  of  rotation.  According  to  the  accepted  rule  of 
magnetic  induction,  the  tendency  is  to  produce  poles  in  the  arma- 
ture at  right  angles  to  the  lines  of  force,  but  since  the  neutral 
points,  theoretically  situated  on  the  same  diameter,  are  points  of 
contact  between  the  brushes  and  the  commutator,  where  the  cur- 
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rent  leaves  and  re-enters  the  winding  of  the  armature,  it  will  be 
found  that  the  armature  is  really  transformed  into  two  separate 
adjacent  magnets,  having  two  north  and  two  south  poles,  on 
either  side  of  the  diameter  of  commutation.  These  double  poles, 
practically  operating  as  a  single  pole,  at  the  two  extremities  of 
the  given  diameter,  act  to  produce  the  great  distortion  of  the 
lines  of  magnetic  force,  which  follow  the  rotation  of  the  arma- 
ture. As  shown  in  an  accompanying  diagram,  these  lines  of 
force  are  twisted  into  an  oblique  direction.  This  result  is  largely 
due  to  the  fact  that  the  polarity  of  the  armature  is  not  symmetri- 
cal with  that  of  the  field  magnets.  Were  the  brushes  placed  at 
any  otlier  point  than  the  extremities  of  the  diameter  of  commu- 
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tation,  the  result  would  be  short-circuiting  of  the  armature  coil. 
This  distortion  of  the  magnetic  field,  which  is  an  important  agent 
in  the  production  of  the  current,  must  be  regarded  as  the  re- 
sultant of  the  two  induced  polarities  of  the  armature,  one  of 
which  is  due  to  induction  from  the  field ;  the  other  to  induction 
from  its  own  windings.  It  marks  the  fact  that,  in  the  process 
of  shifting  the  neutral  points  as  the  armature  rotates,  the  induced 
polarities  are  continued,  with  decreasing  effect  to  be  sure,  hence 
continuing  to  exert  an  attractive  or  repelling  reaction  upon  the 
field  magnets. 

As  shown  in  an  accompanying  figure  showing  the  polarization 
of  the  rotating  armature,  it  will  be  seen  that  the  current  pro- 


ELECTKJCAL   DYNAMOS  AND   MOTORS.  557 

duced  in  the  armature  windings  are  moving  in  two  different  di- 
rections between  the  contacts  of  the  brushes.  Entering  at  the 
north  poles  of  the  armature,  their  direction  is  through  the  wind- 
ings, down  either  side  to  their  exit  at  the  south  poles.  These 
two  oppositely  moving  currents,  flowing  between  the  north  and 
south  poles  of  the  armature,  which  is  to  say  between  the  nega- 
tive and  positive  brushes,  respectively,  act  upon  the  body  of  the 
armature  after  the  manner  of  a  current  flowing  in  the  windings 
of  an  electro-magnet,  or  through  the  helical  portion  of  a  solenoid. 
The  result  is  that  an  induced  current  is  set  up  in  the  armature  it- 
self, which,  according  to  the  rule  above-mentioned,  moves  at 
right  angles  to  the  direction  of  the  inducing  current  in  the  wind- 
ings. 


Principles  of  Electrical  Hotor  Operation. — The  foregoing 
discussion  of  the  dynamo  electrical  generator  is  included  in  this 
work,  in  order  to  prepare  the  reader  for  a  better  understanding 
of  the  electrical  motor,  for,  as  already  stated,  the  electrical  motor 
is  the  exact  opposite  of  the  dynamo  in  all  matters  touching  its 
practical  operation.  This  means  that  a  typical  dynamo  may  be 
run  as  a  motor,  with  no  other  alterations  than  changing  the  po- 
sition of  the  brushes  to  the  negative  lead. 

The  respective  action  of  a  motor  and  a  dynamo  may  be  un- 
derstood from  an  accompanying  diagram.  It  shows  a  dynamo 
and  a  motor  coupled  together,  so  that  the  current  generated  in 
the  former  is  driving  the  latter.  As  will  be  seen,  both  the  dynamo 
and  the  motor  are  rotating  right-handedly,  thus  generating  an 
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electromotive  force,  tending  upward  from  the  lower  brush  to  the 
higher,  each  upper  brush,  in  this  case,  being  the  positive  terminal 
of  the  circuit.  The  cut  also  shows  that  the  brushes  of  the  dynamo 
are  advanced  in  the  direction  of  the  rotation,  while  the  brushes 
of  the  motor  are  advanced  backward  in  the  opposite  direction. 
The  result  of  this  variation  in  the  arrangement  of  the  brushes  is. 
as  is  also  indicated,  the  electromotive  force  in  the  dynamo,  from 
which  current  is  given  forth,  is  in  the  same  direction  as  the  cur- 
rent, both  moving  from  the  lower  to  the  upper  brush,  up  either 
side  of  the  armature.  In  the  motor,  however,  where  work  is 
being  done,  and  energy  is  leaving  the  circuit,  the  electro- 
motive force  is  in  a  direction  opposite  to  the  current ;  the  former 
moving  from  the  lower  to  the  upper  brush,  the  latter  from  the 
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higher  to  the  lower  brush,  as  indicated  in  the  cut  by  the  arrows. 
This  brings  us  to  the  most  essential  practical  difference  between 
the  theories  on  which  the  operation  of  dynamos  and  motors  de- 
pend. 

Comparison  of  DynaiiMM  and  flotors. — As  already  explained 
in  connection  with  the  dynamo,  the  rotation  of  the  armature  cut- 
ting the  lines  of  residual  magnetism  constantly  tend  to  increase 
the  electromotive  force  of  the  current  conducted  to  the  coils  and 
the  field  magnets,  with  the  result  that  the  E.  M.  F.  of  the  current 
generated  is  constantly  augmented,  as  the  induced  magnetic  lines 
increase  in  number  of  strength  until  the  maximum  is  altained. 
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With  the  motor,  however,  the  current  fed  to  the  circuit  is  im- 
parted partly  to  the  windings  of  the  armature  and  partly  to  the 
windings  of  the  pole  magnets,  with  the  result  that,  both  assum- 
ing polarity,  the  magnetic  action  tends  constantly  to  attract  the 
opposite  poles  of  the  armature,  thus  imparting  a  rotative  move- 
ment. Thus  the  magnetic  drag,  which  in  the  dynamo  acts  in  the 
direction  opposing  rotation,  and  is,  in  fact,  the  reaction  against 
the  driving  force,  is  in  the  case  of  the  motor  the  real  driving  force, 
which  propels  the  revolving  armature,  representing  the  pulhng 
influence  which  the  magnetic  field  exerts  upon  the  armature 
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wires,  through  which  the  line  current  is  flowing,  and  also  upon 
the  protruding  metal  portions  of  the  armature  core. 

This  operation  is  in  accordance  with  the  law  relating  to  a  cur- 
rent-carrying wire,  situated  in  a  magnetic  field,  in  accordance 
with  which  it  experiences  a  side-thrust,  as  it  is  called,  which  tends 
to  move  it  forcibly  in  a  direction  parallel  to  itself,  across  the 
direction  of  the  lines  of  magnetic  force.  This  fact  is  well  illus- 
trated in  Fig.  425.  on  page  545,  in  which  the  large  arrow  is  repre- 
sented as  moving  through  the  coil  of  wire,  carrying  current.  The 
direction  of  the  current  in  the  wire  is  indicated  by  the  small  ar- 
rows, and  the  side-thrust,  or  magnetic  push,  by  the  large  arrow. 
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Action  of  Ibe  Field  Magn  ts  of  a  Motor. — The  second 
point  to  be  considered  in  the  practical  operation  of  an  electrical 
motor  is  that,  while  the  magnetic  action  of  the  field  tends  to  pro- 
duce a  rotation  in  the  armature,  the  same  rotation,  necessitating 
that  the  armature  windings  cut  through  the  magnetic  lines  of 
force,  tends  to  the  production  of  a  counter  electromotive  force 
(C.  E.  M.  F.),  which,  as  previously  mentioned,  moves  in  a  direc- 
tion contrary  to  the  direction  of  the  current.  As  may  be  readily 
understood,  the  more  rapidly  the  armature  rotates,  the  greater 
will  be  this  C,  E.  M.  F.,  on  account  of  the  fact  that  a  stronger 
field  is  necessary  for  the  increase  of  speed,  and,  consequently. 
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that  a  greater  number  of  magnetic  lines  are  produced,  which  the 
armature  must  cut  through. 

Two  facts,  however,  follow  from  this  condition : 
(i)  As  the  armature  revolves  more  rapidly,  there  is  a  dimin- 
ished resistance  to  its  motion,  and  on  account  of  the  increase  of 
C,  E.  M.  F.  less  energy  is  absorbed. 

(2)  When  the  motor  is  working  under  load,  the  armature 
necessarily  revolves  more  slowly,  with  a  consequent  fall  in  the 
generation  of  C.  E.  M.  F.,  and  a  greater  absorption  of  energy. 
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The  Speed  and  Torque  ol  a  flotor. — As  may  be  understood 
from  what  has  just  been  said,  the  increase  of  speed  marks  an  in- 
crease of  power  in  an  electrical  motor,  just  as  in  a  steam  or  gaso- 
line engine.  There  is,  however,  another  consideration  relating 
to  the  power  of  a  motor,  and  that  is  the  drag  or  rotative  energy 
brought  to  bear  upon  the  circumference  of  the  pulley  or  spur 
attached  to  the  end  of  the  armature  shaft.  This  electro-dynamic 
force,  which  tends  to  produce  rotation  of  the  shaft,  is  known  as 
the  torque,  which  is  to  say,  the  twisting  power  of  the  motor. 

In  estimating  the  efficient  power  of  a  motor,  we  have,  there- 
fore, to  consider  three  elements : 

(i)  The  power  measured  in  pounds  weight,  which  originally 
causes  the  rotation  of  the  armature  spindle,  and  which  may  be 
readily  determined  by  experimenting  with  pulleys  of  various 


i^le  Motor,  amnsed  tor  drivlne  both  vbeela 
<■  Uif  pillions  or  iTie  dlircrvntlai  jrcnr:  B,the 
.  D,  Wi-el  m-ar  on  riKht-hftnil  road  wheel;  C, 

BhnnB,  F,  of  pinioQH.  C  i^d'c. '"'''"  ""  "  "    '         »'*''^""  ""B       '™S 

sizes,  showing  the  power  lo  raise  various  weights,  or  by  a  form  of 
Prony  brake,  somewhat  of  ihe  same  description  as  is  used  for 
determining  the  efficient  power  of  a  steam  or  gasoline  engine,  as 
has  been  already  described. 

(2)  A  second  element  entering  into  the  determination  of  the 
efficient  power  of  a  motor  is  the  diameter  of  the  pulley. 

(3)  The  number  of  revolutions  per  minute  attained. 

Illustration  o(  Torque. — The  operation  of  the  torque  of  a 
motor  may  be  illustrated  by  an  accompanying  diagram,  in  which, 
as  shown,  a  rope  wound  about  the  axis  of  a  pulley,  P,  and  having 
a  weight,  W ,  attached  to  it,  is  able  to  cause  the  rotation  of  a 
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pulley  through  the  force  of  gravity  exerted  on  the  weight,  W , 
Now  the  efficiency  may  be  determined  by  two  considerations: 
(i)  The  number  of  pounds  in  the  weight,  W,  and  the  diameter  of 
the  pulley,  P,  If,  for  example,  the  weight  is  fifty  pounds,  and  the 
pulley  is  of  the  same  diameter  as  the  shaft  around  which  the  rope 
is  wound,  the  weight,  W ,  will  exactly  balance  a  weight  equal  to 
itself ;  if  the  pulley  is  twice  the  diameter  of  the  shaft,  the  weight, 
W ,  will  be  balanced  by  a  weight  of  twenty-five  pounds,  and  so  on 
indefinitely ;  the  amount  of  weight  necessary  to  balance  weight, 
Wy  being  always  in  inverse  proportion  to  the  difference  in  diam- 
eter between  the  shaft  on  which  it  is  coiled  and  the  pulley,  to 
which  is  attached  the  rope  carrying  the  counter-weight.  This  is 
in  accordance  with  the  law  of  levers,  that  the  power  exerted  on 
the  long  arm  of  a  lever  can  raise  a  weight  as  much  greater  than 
itself,  as  the  long  arm  is  longer  than  the  short  arm,  to  which  the 


Fio.  496.— Diagram  Illustrating  the  Theory  of  Torque. 

latter  weight  is  attached.  Consequently,  if  the  torque  at  the 
shaft  of  a  motor  armature  is  equivalent  to  lOO  pounds  for  that 
diameter,  it  can  exert  a  power  of  only  fifty  pounds  with  a  pulley 
of  twice  the  diameter  of  the  spindle,  and  of  only  twenty-five 
pounds  with  a  pulley  of  four  times  the  diameter  of  the  spindle. 

This  principle  may  be  stated  in  another  manner:  that  the 
pulley  is  capable  of  raising  a  weight  which  is  in  inverse  ratio  to 
the  power  exerted  on  the  spindle  of  the  armature,  as  the  diam 
eter  of  the  pulley  is  greater  than  that  of  the  spindle,  because  the 
work  required  of  it  is  to  raise  its  weight  through  a  vertical  dis- 
tance equal  to  its  own  circumference.  If,  then,  a  pulley  of  i 
foot  circumference  can  raise  a  weight  of  i  pound  to  a  vertical 
distance  of  i  foot,  a  pulley  of  4  feet  circumference  can  raise 
only  i  of  a  pound  through  a  vertical  distance  of  4  feet. 
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On  Electric  Vehicle  Motors.— In  the  practical  use  of  elec- 
trical energy  for  the  production  of  power,  electric  lighting 
and  other  uses,  the  current  is  sometimes  fed  direct  to  the  cir- 
cuit from  the  dynamo,  and  in  other  cases  the  dynamo  b  used 
in  connection  with  storage  batteries,  whose  office  Is  to  combine 
the  functions  of  equalizing  the  load,  as  it  is  called,  when  the 
dynamo  is  in  operation,  or  supplying  such  current  as  may  be 
required,  when  it  is  not  desirable  to  drive  the  dynamo.  In  the 
motors  used  on  electric  vehicles,  the  current  is  supplied  by 
storage  batteries,  which  must,  of  course,  be  periodically  re- 
charged, in  order  that  the  vehicle  may  be  operated  at  all.    One 


n-  Attached  to  Rear  Axle  Thmugh  8la)(Ie  RediiclDR 
on  of  iliodividwlrewmtle:  U,  the  rinhi  hand  seciioii 

..^  ^^,„.  V.  •...-<ir.»Baru>ii:  U.llic  spiral  plnliHi  on  (lie  motor  Hlinn  dHvtiig 

tlic  vrurui  ),-eur,  1,  un  tlie  dilR-nititiah  H,  ball  rucr  on  tlic  axle  bearing. 

or  two  manufacturers  of  electric  ■  ehiclcs,  however,  have  adopted 
the  plan  of  mounting  a  dynamo  on  the  vehicle  to  be  continually 
operated  by  a  gasoline  engine.  A  storage  battery  is  also  in- 
cluded for  the  purpose  of  equalizing  the  load  by  absorbing  the 
current  not  required  for  propelling  the  motor,  when  the  vehicle 
is  coasting  down  hill,  or  when  it  is  brought  to  a  standstill  with 
the  gasoline  engine  still  in  operation.  It  can  then  supply  the 
extra  current  required  in  ascending  particularly  steep  grades 
or  comine  through  unusually  heavy  roads. 

Although  it  mav  seem  that  a  combination  of  the  two  types  of 
motor,  in  one  vehicle,  one  of  them  having  no  connection  what- 
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ever  with  the  driving  gear,  is  something  of  a  waste  of  energy, 
it  may  be  said  that  the  advantage  gained  is  two-fold:  first,  the 
great  weight  of  the  storage  batteries,  required  to  operate  a 
vehicle  of  given  size  and  weight,  is  very  largely  saved ;  the  com- 
bined weight  of  the  gasoline  engine,  dynamo  and  auxiliary  stor- 
age battery,  representing  a  far  higher  percentage  of  power  with 
less  inconvenience,  than  a  similar  weight  with  storage  batteries 


Fio.  488. —The  Fiaoher  Electric  Omnibus,  driven  by  dynamo  direct.  A  la  tbe  fj^ftsollne 
enirine«  driving  the  dynamo,  B;  C,  the  storage  battery;  D,  the  switch;  E,  E,  motors; 
F,  rheostat. 

alone.  Secondly,  the  electric  motor  is  at  once  the  most  eco- 
nomical means  of  power  transmission,  and  also  most  readily 
regulated,  as  regards  speed  and  power  output;  thus  saving  the 
complicated,  expensive  and  uncertain  methods  of  changing  speed 
and  power  ratios,  employed  on  the  average  run  of  gasoline 
vehicles.  In  other  words,  the  electrical  system  of  transmission 
is  superior  in  point  of  flexibility  of  control. 


CHAPTER   THIRTY-NINE. 

METHODS     OF     CIRCUIT-CHANGING     IN     ELECTRICAL     MOTOR 

VEHICLES,    AND    THEIR    OPERATION. 

Varying:  the  Speed  and  Power  Output  of  a  flotor. — ^The 
methods  employed  to  vary  the  speed  and  power  output  of  an 
electric  vehicle  motor  consist  briefly  in  such  variation  of  the 
electric  circuits  as  will  modify  the  pressure  of  the  batteries  on 
the  one  hand  and  the  operative  efficiency  of  the  motors  on  the 
other.  This  is  a  very  simple  matter  and  may  be  expressed  in 
a  few  words.  As  is  well  known,  there  are  two  general  methods 
of  connecting  up  both  electric  batteries  of  any  description  and 
electric  motors.  They  are  the  series-wiring  and  the  multiple- 
wiring,  or  parallel-wiring.  In  series-wiring,  various  cells  of  a 
galvanic  battery,  or  the  several  units  of  a  battery  of  dynamos, 
are  connected  in  line.  At  one  terminal  of  each  is  the  negative 
pole,  at  the  other  the  positive — each  unit  in  combination  having 
its  negative  pole  connected  to  the  positive  pole  of  the  one  next 
following.  In  the  parallel  method  of  wiring  the  various  units 
are  each  separately  connected  at  their  positive  and  negative  poles 
to  two  lead  wires,  one  of  which  is  the  positive  pole  of  the  battery, 
the  other  the  negative. 

Effects  Obtained  by  Varying:  the  Circuits. — Electric  motors, 
lights  and  other  electrically  effected  devices  are  similarly  con- 
nected in  circuits,  either  in  series  or  parallel.  Now,  in  the  mat- 
ter of  circuit  arrangements  on  this  plan,  one  general  principle 
may  be  laid  down,  which  is  that  a  connection  of  a  number  of 
electrical  generators  in  series  involves  an  increase  in  the  power 
pressure  of  the  battery,  which  is  equal  to  the  sum  of  the  individual 
voltages.  Connecting  a  number  of  generating  units  in  parallel 
or  multiple  has  the  effect  of  producing  a  pressure  only  equal  to 
the  voltage  of  one  of  the  units.  Thus,  if  four  generators  of  lo 
volts  each  be  connected  in  series,  the  pressure  is  equal  to  40 
volts.  If,  however,  they  be  connected  in  parallel  or  multiple, 
the  pressure  is  equivalent  to  but  10  volts,  the  effect  in  the  latter 
case  being  the  same  as  if  but  one  unit  were  in  circuit,  so  far  as 
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the  voltage  is  concerned.  On  the  other  hand,  where  four  motors 
are  connected  in  series  the  efficient  pressure  of  the  circuit  is 
reduced  to  very  nearly  \  for  each  motor,  the  C.  E.  M,  F.,  gen- 
erated by  their  operation,  serving  to  cut  down  the  average  of 
efficiency ;  but  when  (our  motors  are  connected  in  parallel,  which 
is  to  say,  bridged  between  the  limbs  of  the  circuit,  the  greatest 
available  pressure  of  the  battery  is  able  to  act  upon  each  one 
of  them. 


Arrangement  of  the    Batteries  and  Motor   Part4. — In    an 

electric  vehicle  the  storage  batteries  arc  arranged  so  as  to  form 
a  number  of  units,  the  circuit  wiring  being  so  arranged  that  by 
the  use  of  a  form  of  switch  known  as  a  controller  the  connec- 
tions may  be  varied  from  series  to  multiple,  or  the  reverse,  as 
desired.  The  same  arrangement  for  varying  the  circuit  con- 
nections is  used  for  the  field  windings,  and.  with  some  manufac- 
turers, for  the  brush  connections  also.  In  the  accompanying 
first  diagram  of  the  connections  of  an  electric  vehicle  this  fact 
is  indicated.     The  dotted  lines  on  each  figfure  indicate  the  cir-. 
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cuits  that  are  cut  out,  or  open,  and  the  full  lines  those  that  are 
active,  or  closed.  In  the  figure  showing  the  first  speed,  we  have 
the  two  units  of  the  battery,  S,  connected  in  multiple,  which 
means  that  the  voltage  is  reduced  to  the  lowest  point.  The 
wire,  C,  connected  to  the  bridge  between  the  positive  poles  of 
the  battery,  leads  the  current  to  the  field  windings,  H  and  /, 
which,  in  this  figure,  are  connected  in  series-multiple,  which 
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Fio.  440.— Dio^am  of  the  Circuit-Cliaiig:inf?  Arraii»;fuient«  of  a  Typical  Electrical 
Vehicle.  Tiiu  full  lines  in  thoMe  plans  indicate  the  closed,  or  active,  circuits;  the 
doited  lines  the  open,  or  inactive,  circuits.  As  may  be  readily  understood,  the  whole 
scheme  of  circuit  chang^ing  depends  on  employing  several  different  circuit  con- 
nections between  battery  and  motor,  which  may  be  opened  and  closed,  as  desired. 
Here  A  and  C  are  the  lead  wires  between  battery,  B,  and  motor  brushes,  F  F  and 
0  0,  and  the  field-windings,  H  and  J,  and  wire,  D. 

gives  the  lowest  speed  and  power  efficiency  of  the  motors.  By 
the  wire,  D,  the  current  is  carried  to  the  brushes,  FF  and  GG, 
which,  according  to  this  scheme,  are  permanently  connected  in 
multiple,  the  return  path  to  the  negative  pole  of  the  battery  be- 
ing through  the  wire,  A, 
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In  the  second  figure  of  the  diagram  the  circuit  is  varied  so  as 
to  connect  the  two  units  of  the  batteries,  so  as  to  give  its  highest 
pressure  efficiency.  But,  since  the  field  windings  of  the  motors 
are  also  connected  in  series,  or  in  series-parallel,  as  in  this  case, 
the  efficiency  in  speed  and  power  is  reduced  nearly  one-half. 

In  the  third  figure  the  two  units  of  the  battery  are  connected 
in  series,  which,  as  in  the  former  case,  indicates  the  greatest 
efficiency  in  power  output;  but  the  field  windings  are  connected 
in  parallel,  which  means  that  the  C.  E.  M.  F.,  generated  by  their 
operation,  is  equivalent  to  the  C.  E.  M.  F.  of  only  one  motor, 
with  the  result  that  the  speed  and  power  efficiency  is  raised  to 
its  highest  point. 

Diasrram  of  Battery,  flotor  and  Controller  — In  the  second 
diagram,  illustrating  a  typical  method  of  shifting  the  circuits, 
we  have  the  same  general  scheme  applied,  so  far  as  the  first, 
second  and  fourth  speeds  are  concerned,  the  connections  of  the 
controller  being  laid  out  in  rectangular  form  between  the  broken 
lines.  When  the  controller  is  rotated,  so  that  the  row  of  ter- 
minal points,  Ay  B,  Cy  D,  £,  F,  G,  are  brought  into  electrical 
contact  with  the  row  of  terminal  points,  on  the  controller,  A\  B\ 
C,  D\  E\  Fy  G\  we  have  the  first  speed  forward,  which,  as  may 
be  readily  discovered  by  tracing  the  connections  throughout,  in- 
volves that  the  two-unit  battery  is  connected  into  multiple  and 
the  field  windings  of  the  two  motors  in  series.  Tracing  the  con- 
nections indicated  for  the  second  speed,  we  see  that  the  terminal 
points.  Ay  By  C^  etc.,  are  brought  into  electrical  contact  with 
A^y  B",  C*,  etc.,  and  we  have  the  batteries  in  multiple  and  the 
fields  in  series-multiple.  Tracing  the  connections  indicated  for 
the  third  speed,  we  have  the  terminal  points,  B  and  C,  con- 
nected to  the  terminal  points,  B'  and  C*,  and  the  terminal  points, 
E  and  F,  connected  to  the  terminal  points,  £'  and  F',  which 
means  that  the  batteries  are  connected  in  series  and  the  fields 
in  series.  Similarly,  by  tracing  the  connections  for  the  fourth 
speed,  we  find  the  terminal  points,  B  and  C,  connected  to  ter- 
minal points,  JB*  and  C*,  and  the  terminal  points,  D,  £,  F,  (7,  in 
electrical  connection  with  the  terminal  points,  D*,  £*,  F*,  G*, 
which  means  that  the  batteries  are  in  series  and  the  fields  in 
multiple.  The  connections  between  the  battery,  the  armature 
brushes  and  the  motor  fields,  are  made  as  indicated  through  the 
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rotary  reversing  switch,  by  the  terminals,  K,  L,  Af,  iV.  This 
switch  may  effect  the  reversal  of  the  motors  by  giving  a  quarter 
turn  to  its  spindle,  which  means  that  the  contacts  of  segment,  X, 
will  be  shifted  from  L  and  K  to  K  and  N,  and  the  contacts  of 
segment,  Y,  shifted  from  M  and  N  to  L  and  Af ,  thus  reversing 
the  direction  of  the  current. 


Electric  Vehicle  ComiMiny's  Circuits. — Some  leading  manu- 
facturers of  electric  vehicles,  notably  the  Electric  Vehicle  Co., 
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Fio.  442.— Diagram  of  a  Typical  One-Battery -Unit,  Two-Motor  Circuit.  Tlie  first  speed 
shows  the  two  motors  %n  aeries^  with  a  resistance  coil  Interposed;  the  second,  the 
motors  in  aeries^  without  the  resistance;  the  third,  the  motors  in  multiple. 

vary  the  scheme  shown  in  the  last  two  figures  by  connecting  the 
armature  brushes  and  fields  of  each  motor  into  series,  and  shift- 
ing the  circuit  connections,  where  two  motors  are  used,  from 
series  to  series-parallel.  In  the  figure  showing  the  combination 
of  one  battery  unit  with  two  motors,  the  connections  for  the  three 
speeds  obtained  are  obvious.  Since  only  one  unit  is  used,  the 
lowest  pressure  of  the  battery  can  be  obtained  only  by  inserting 
a  resistance  coil,  R,  in  the  circuit,  with  the  armature  brushes, 
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field  windings  and  both  motors  connected  in  series.  For  the 
second  speed  the  resistance  is  simply  cut  out,  allowing  the  full 
voltage  of  the  battery  to  pass  through  the  armatures  and  wind- 
ings of  both  motors,  still  connected  in  series.  For  the  third 
speed  the  connections  of  armatures  and  motors  are  shifted  to 
multiple,  or  series-multiple.    With  the  use  of  a  two-unit  bat- 
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Pio  448  — Diaf^ram  of  a  Typical  Pour-Battery-UnIt,  Slngrle-Motor  Circuit,  showing  oombi- 
nations  for  three  apecnls.  The  only  changes  made  In  these  circuits  are  in  the  battery 
connections.  For  the  llrst  speed  the  batteryunits  are  in  mvXiifi^i  for  the  aeoond, 
»n  teriea-mtUtiplei  for  the  third,  in  9eries.   The  motor  connections  are  not  Tailed. 

tery  and  two  motors,  it  is  possible  to  eliminate  the  resistance 
coil  altop^ether  and  depend  entirely  upon  circuit  shifting  regulat- 
ing the  voltage  and  power.  Accordingly,  for  the  first  speed  we 
have  the  batteries  connected  in  multiple,  and  the  armatures  and 
windings  of  the  two  motors  in  series.    For  the  second  speed, 
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the  series  connections  are  adopted  for  both  batteries  and  motors, 
while  for  the  third  speed  the  batteries  are  in  series,  with  the 
motors  in  parallel. 

A  Pour-Battery-Unit»  One-flotor  Circuit. — In  the  diagram  in- 
dicating the  use  of  four-battery-units  with  one  motor,  which,  as 
shown  in  an  accompTanying  cut,  is  used  to  drive  both  rear  wheels 
of  the  wagon  through  a  single  reduction,  it  is  possible  to  obtain 


Fia.  444.— Diafrram  of  a  Two-Battery-Unit,  Two-Motor  Circuit,  showiDg  combinations  for 
three  speeds.  The  first  speed  is  obtained  with  the  battery  units  in  mi</ttp<«,  and  tlie 
motors  fit  aerirg;  the  second,  with  the  battery  units  in  §eriety  and  the  motors  in 
Merits;  the  third,  with  the  battery  units  in  Meriet^  and  the  motors  in  mtUtipU. 

2L  still  greater  range  of  variation  by  the  simple  shifting  of  the  bat- 
tery circuits,  without  alteration  of  the  armature  or  field  connec- 
tions. Accordingly,  for  the  first  speed  we  have  the  four  units 
connected  into  parallel,  which  g^vcs  a  total  voltage  equivalent  to 
the  voltage  of  any  one  of  them.  For  the  second  speed,  the  bat- 
tery units  are  connected  into  series,  the  two  pairs  thus  formed 
being  joined  in  multiple,  with  the  result  that  the  total  voltage  of 
the  battery  is  equivalent  to  the  sum  of  the  voltage  of  two  of  the 
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units,  or  twice  the  ^'oltage  used  in  the  first  speed.  For  the  third 
speed,  all  four  units  of  the  battery  are  connected  into  series,  thus 
doubling  the  voltage  again,  and  realizing  the  highest  speed  and 
power  efficiency  possible  in  the  combination.  It  might  be  pos- 
sible to  further  vary  the  connections  shown  in  any  of  these  figures 
so  as  to  obtain  different  speed  and  power  combinations,  but  the 
limit  of  safe  operation  of  the  motor  is  generally  pretty  accurately 
calculated,  and  any  further  variations  in  the  circuits  might  not  be 
warranted. 

The  Controller  of  an   Electric  Vehicle. — The  controller  of 
an  electric  vehicle  consists  of  a  rotatable  cylinder,  carrying  on  its 
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circumference  a  number  of  contacts,  which  are  arranged  to  make 
the  desired  connections  with  the  terminals  of  the  various  ap- 
paratus in  the  circuit  through  a  wide  range  of  variation.  As 
shown  in  the  figure  of  the  arrangement  of  the  battery  and  con- 
trollers in  a  typical  electric  vehicle,  these  points  are  arranged 
so  that  the  units  of  the  battery  may  be  connected  in  series  or 
multiple,  and  that  the  field  windlnes  of  the  motors  may  be  simi- 
lariy  varied.  As  shown  in  the  diaeram.  this  act  is  accomplished 
by  a  series  of  variations  of  electrical  connection  among  the  con- 
tact points  on  the  periphery  of  the  controller.  Thus  we  find  that 
for  the  first  speed,  in  which  the  batteries  are  connected  in  multi- 
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plc,  the  points.  A',  C,  are  in  electrical  connection,  as  indicated 
by  the  lines  between  them,  so  that  the  points,  A,  C,  connected  to 
the  like  poles  of  the  two  battery  units,  are  directly  connected, 
thus  bringing  the  two  units  into  multiple.  The  battery  circuit 
is  completed  by  the  electrical  connection  on  the  controller  be- 
tween the  points,  B'  and  D\  when  they  are  brought  into  contact 
with  the  poinis,  B  and  D,  which  connect  to  the  two  other  poles 
of  the  battery.  Furthermore,  the  points,  E'  and  7^,  being  in 
electrical  connection  through  the  body  of  the  controller,  con- 


nect points,  E  and  E,  direct;  thus  throwing  the  field  windings 
of  the  motors  into  series, 

Conitniction  of  a  Controller. — An  accompanying  cut  shows 
the  general  appearance  and  construction  of  one  type  of  con- 
troller for  electric  vehicles  of  moderate  weight.  As  may  be  seen, 
the  connections  of  the  terminals  of  the  batteries,  of  the  field 
windings,  and  other  elements  of  the  circuit,  are  made  at  the 
binding  posts  at  the  front  base  of  the  instrument.  From  each 
of  these  binding  posts,  which  are  electrically  insulated  from  one 
another,  two  jack-springs  rise  to  a  position  convenient  to  make 
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connections  with  the  switch  blades  arranged  along  the  periphery 
of  the  controller  cylinder.  These  switch  blades,  as  may  be  seen, 
are  secured  to  the  controller  cylinder  by  screw  connections,  be- 
ing arranged  singly,  or  several  of  them  together  on  one  plate. 
In  the  case  of  a  pair  of  blades,  shown  in  contact  with  the  spring 
at  either  extremity  of  the  controller  cylinder,  it  is  evident  that 
there  is  an  electrical  contact,  through  the  base  plates,  between 
the  two  terminals,  represented  by  the  contact  springs  in  engage- 
ment. Between  these  two  end  plates,  as  may  be  seen,  there 
are  several  switch  blades  arranged  singly  upon  the  circumfer- 
ence. At  one  point  there  is  no  contact  whatever,  showing  that 
the  terminals  represented  by  the  contact  springs  at  that  point  are 
out  of  circuit.  These  several  blades  that  are  arranged  singly 
on  the  controller  surface  have  such  electrical  connections 
as  the  scheme  of  circuit  variation  adopted  demands,  made 
through  insulated  wire  connections  arranged  between  any  pair 
it  is  desired  to  connect.  This  is  the  arrangement  indicated  in 
the  diagram  of  connections  already  described.  It  is  perfectly 
easy  to  understand,  therefore,  how  the  circuit  arrangements  of 
battery  units  and  motor  windings  may  be  varied  through  any 
desired  range  of  connections,  by  simply  connecting  their  ter- 
minals through  properly  arranged  and  connected  controller 
contacts. 

Varieties  of  Controller. — The  controller  shown  in  the  cut, 
already  described,  represents  only  one  type  of  this  machine. 
Some  controllers  are  constructed  simple,  with  a  perfectly  cylin- 
drical surface,  upon  w^hich  bear  single  leaf  springs,  the  desired 
electrical  connections  being  made  bv  suitably  connected  con- 
ducting surfaces  on  the  cylinder  circumference,  and  cut-outs  be- 
ing similarly  accomplished  by  insulating  surfaces  bearing  against 
the  spring  contacts  at  the  desired  points.  The  type  of  con- 
troller shown  in  the  cut,  however,  is  one  of  the  most  usual  forms 
for  motor  vehicle  purposes.  As  is  perfectly  obvious,  it  is  possi- 
ble to  so  arrange  the  electrical  connections  on  the  controller  sur- 
faces, that  by  proper  contacts  with  the  terminal  springs,  reversal 
of  the  motor  may  be  accomplished.  This  is  done  in  a  number 
of  controllers,  the  reverse  beingf  accomplished  at  a  definite  notch 
on  the  quadrant  of  the  controller  shifting  lever. 


CHAPTER   FORTY. 

THE  CONSTRUCTION  AND  OPERATION  OF  STORAGE  BATTERIES. 

On  Storage,  or  Secondary*  Batteries. — ^As  already  stated, 
electric  vehicles  derive  their  power  from  storage  batteries,  which 
are  charged  from  a  suitable  charging  plant,  supplying  current 
either  from  the  street  power  lines,  or  from  the  dynamo  operated 
by  any  convenient  source  of  power.  The  word,  storage  battery, 
as  applied  to  electrical  accumulators,  or  secondary  batteries,  is 
somewhat  of  a  misnomer,  since  these  devices  are  in  no  sense 
receptacles  for  electrical  energy,  and  act  on  an  entirely  different 
principle  from  the  instrument  known  as  a  condenser,  which  de- 
pends solely  upon  such  variations  of  the  electrical  potential  be- 
tween two  surfaces,  that  one  of  them  may  be  so  affected  by  the 
electrical  current,  momentary  or  prolonged,  as  to  give  forth 
electrical  energy  in  the  form  of  a  shock,  when  brought  into  con- 
tact with  any  other  surface  having  a  low  or  negative  potential. 
Such  ^  device  as  this  is,  of  course,  useless  for  any  purpose  re- 
quiring a  constant  current  between  two  points  of  different  poten- 
tial, such  as  is  required  for  any  kind  of  power  transmission. 

The  so-called  electrical  accumulator,  or  storage  battery,  more 
properly  to  be  described  as  a  secondary  battery,  operates  on  an 
entirely  different  principle,  which  may  be  briefly  described  as 
an  electro-chemical  one,  by  which  an  electric  current,  steadily 
flowing  through  a  given  period,  can  produce  certain  chemical 
changes,  which,  as  the  expression  is,  "form"  the  battery.  This 
process  may  be  briefly  illustrated  by  making  a  comparison  with 
a  primary  galvanic  cell.  In  the  typical  primary  cell,  two  metal 
electrodes,  as,  for  example,  copper  and  zinc,  are  placed  in  a 
liquid  electrolyte,  such,  for  example,  as  dilute  sulphuric  acid. 
As  soon  as  the  two  electrodes,  thus  immersed  in  the  liquid,  are 
connected  so  as  to  form  a  complete  circuit  between  them  through 
the  liquid  and  back  again  through  the  outside  wire,  an  electrical 
current,  which  is  to  say,  a  continuous  transmission  of  electrical 
energy,  is  set  up  between  them  on  the  outside  wire.  This 
phenomenon  takes  place  in  accord  with  what  may  be  called  the 
specific  potential  of  the  two  metals ;  cppper  having  a  higher  ca- 
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parity  for  being  affected  by  electricity,  and,  hence,  being  capable 
of  constantly  imparting  its  charge  to  the  zinc  electrode,  which 
represents  a  specifically  lower  electrical  potential,  or  a  smaller 
capacity  to  be  affected  by  and  retain  electricity. 

With  the  secondary  battery  both  electrodes  are  constructed 
of  the  same  material,  the  difference  in  potential,  upon  which  the 
production  and  transmission  of  the  current  depends,  being  pro* 
duced  entirely  through  the  chemical  changes,  resulting  from  the 
electric  current  flowing  through  the  electrolyte  between  the  two 
poles  of  the  battery,  during  a  long  period  of  time.  In  prac- 
tically all  secondary  batteries  both  the  positive  and  negative 
electrode  plates  are  formed  of  lead,  or  some  composition  of  lead, 
and  the  electrolyte,  as  in  many  primary  cells,  is  dilute  sulphuric 
acid. 

The  General  Theory  of  Storage  Batteries. — ^The  general 
theory  upon  which  a  secondary  battery  operates  was  discovered 
as  early  as  1801,  when  Gautherot  discovered  that  if  two  electrode 
plates  of  platinum  or  silver,  immersed  in  a  suitable  electrolyte, 
are  connected  to  the  terminals  of  an  active  primary  cell  and  cur- 
rent is  allowed  to  flow  for  any  desired  period,  a  small  current 
could  be  obtained  on  an  outside  circuit  connecting  these  two 
electrodes,  as  soon  as  the  primary  battery  had  been  disconnected. 
The  process  which  takes  place  in  this  case  is  briefly  as  follows: 
An  electrolyte,  consisting  of  a  weak  solution  of  sulphuric  acid, 
permits  ready  conduction  of  the  current  from  the  primary  bat- 
tery, the  greater  the  proportion  of  acid  in  certain  limits  the 
smaller  being  the  resistance  offered.  The  effect  of  the  current 
passing  through  the  electrolyte  is  the  decomposition  of  the 
water,  which  is  indicated  by  the  formation  of  bubbles  upon  the 
exposed  surfaces  of  both  electrode  sheets,  these  bubbles  being 
formed  by  oxygen  gas  on  the  plate  connected  to  the  positive  pole 
of  the  primary  battery,  and  hydrogen  on  the  plate  connected  to 
the  negative  pole  of  the  battery.  Because,  however,  the  oxygen 
is  unable  to  attack  either  platinum  or  silver  under  such  condi- 
tions, the  capacity  of  such  a  device  to  act  as  an  electrical  accumu- 
lator is  practically  limited  to  the  point  at  which  both  plates  are 
covered  with  bubbles.  After  this  point  the  gases  will  begin  to 
escape  into  the  atmosphere.  In  this  simple  form  of  battery, 
as  in  the  storage  batteries  manufactured  at  the  present  day,  the 
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prime  condition  to  operation,  is  that  the  resistance  of  the  electro- 
lyte should  be  as  low  as  possible,  in  order  that  the  current  may 
pass  freely  and  with  full  effect  between  the  electrodes.  If  the 
resistance  of  the  electrolyte  is  too  small,  the  current  intensity  will 
cause  the  water  to  boil  rather  than  to  occasion  the  electrolytic 
effects  noted  above. 

As  soon  as  the  current  from  the  primary  cell  is  discontinued, 
and  the  two  electrode  plates  from  the  secondary  cell  are  joined 
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by  an  outside  wire,  a  small  current  will  be  caused  to  flow  upon 
that  outside  circuit  by  the  recomposition  of  the  acid  and  water 
solution.  The  process  is  in  a  very  definite  sense  a  reversal  of 
that  by  which  the  current  is  generated  in  a  primary  cell.  Hydro- 
gen collected  upon  the  nepalive  plate,  which  was  the  cathode,  so 
long  as  the  primary  battery  was  in  circuit,  is  given  off  to  the 
liquid  immediately  surrounding  it,  uniting  with  its  particles  of 
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oxygen  and  causing  the  hydrogen,  in  combination  with  them, 
to  unite  with  the  particles  of  oxygen  next  adjacent,  continuing 
the  process  until  the  opposite  positive  plate  is  reached,  when  the 
oxygen  collected  there  is  finally  combined  with  the  surplus 
hydrogen,  going  to  it  from  the  surrounding  solution.  This 
chemical  process  causes  the  current  to  emerge  from  the  positive 
plate,  which  was  the  anode,  so  long  as  the  primary  battery  was 
in  circuit.  The  current  thus  produced  will  continue  until  the  re- 
composition  of  the  gases  is  complete ;  then  ceasing  because  these 
gases,  as  before  stated,  do  not  combine  with  the  metal  of  the 
electrodes. 

Requirements  in  a  Practical  Storage  Battery. — In  order  to 
produce  a  secondary  battery  that  shall  be  able  to  give  forth  a  cur- 
rent of  sufficient  strength  and  duration  for  practical  purposes, 
it  is  necessary  to  employ  some  metal  that  can  be  attacked  by  the 
oxygen  produced  in  the  process  of  "charging,"  but  which  at 
the  same  time  is  capable  of  being  restored  to  its  normal  condi- 
tion when  the  operation  is  reversed.  It  therefore  follows  that 
the  simplest  possible  form  of  storage  battery  consists  of  two 
sheets  of  metallic  lead  immersed  in  an  electrolyte  of  dilute  sul- 
phuric acid.  When  a  current  from  a  primary  battery  is  passed 
through  the  electrolyte  between  the  two  lead  sheets,  the  same 
process  takes  place  as  was  described  in  connection  with  the  cell 
formed  with  platinum  sheets.  Oxygen  and  hydrogen,  liberated 
by  electrolysis,  collect  upon  the  surface  of  the  two  plates,  thus 
forming  the  electro-chemical  basis  for  the  production  of  a  cur- 
rent from  the  battery,  so  soon  as  the  primary  electrical  source  is 
disconnected.  The  operation  differs,  however,  from  that  for- 
merly noted,  in  the  fact  that  oxygen  bubbles  do  not  appear  upon 
the  surface  of  the  anode,  but  the  presence  of  the  gases  is  mani- 
fested rather  by  a  chemical  change  in  the  plate.  The  oxygen 
attacks  the  lead,  forming  lead  peroxide. 

Tlie  Plante  and  Otiier  Early  Cells. — By  disconnecting  this 
battery  from  the  primary  source  a  weak  current  can  be  produced 
until  the  normal  conditions  have  been  restored,  as  previously 
explained ;  but,  in  order  to  prepare  such  a  battery  for  any  kind 
of  practical  use,  it  must  be  suitably  "formed,"  which  process 
consists  briefly  in  rapidly  changing  the  direction  of  the  charging 
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current,  and  allowing  the  battery  to  be  practically  discharged. 
By  changing  the  <lirection  of  the  current,  so  that  the  anode  or 
positive  terminal  is  made  the  cathode  or  negative  terminal,  and 
vice  versa,  the  following  series  of  changes  take  place:  The  lead 
peroxide  collected  on  the  surfaces  of  one  of  the  sheets,  gradually 
disappears,  as  indicated  by  the  change  in  the  color  of  the  plate 
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from  brown  to  lead  metallic.  The  peroxide,  however,  gradually 
begins  collecting  on  the  surface  of  the  other  plate,  and  so  con- 
tinues so  long  as  the  current  endures.  The  plate  from  which 
the  peroxide  has  been  separated,  by  repeated  alternations  of  the 
charging  current,  assumes  a  spcmgy  character,  which  enables  the 
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increasing  of  its  electrical  accumulating  property  by  increasing 
the  surfaces  exposed  to  the  attacks  of  the  oxygen  gas.  This 
process  of  "forming"  by  repeated  alternations  of  the  charging 
current,  was  the  plan  adopted  in  the  earlier  types  of  the  Plante 
storage  batteries,  which,  but  for  this  tedious  process,  had  a 
high  power  rating.  As  has  been  stated  by  several  competent 
authorities,  the  average  power  output  of  the  earlier  types  of  the 
Plante  cell  was  y\  ampere-hours  per  pound  of  lead,  which  is  as 
high  as  any  that  has  since  been  achieved.  The  process  of  **form- 
ing,"  however,  according  to  the  same  statement,  rendered  the 
plates  very  nearly  rotten  by  the  time  the  maximum  capacity  had 
been  achieved.  As  a  consequence  of  the  expense  and  difficulty 
incident  to  the  "forming"  process,  the  later  types  of  the  Plante 
cell  are  composed  of  plates  formed  by  pickling  baths  of  50  per 
cent,  solution  of  nitric  acid.  After  an  immersion  of  from  24  to 
48  hours  in  this  solution,  the  plates  are  treated  with  a  10  per 
cent,  solution  of  sulphuric  acid,  or  by  a  thorough  washing  in  am- 
monia, followed  by  heating  in  a  furnace  to  a  temperature  of  203 
degrees  Centigrade.  After  this  the  plates  are  in  condition  to  be 
used  in  a  practical  secondary  battery,  the  process  and  conditions 
of  charging  being  essentially  the  same,  as  have  already  been 
described. 

Varieties  of  Storasfe  Battery — At  the  present  time  storage 
batteries  are  made  along  two  general  lines :  (i)  those  following 
the  Plante  type,  on  which  the  negative  and  positive  must  be  suit- 
ably "formed,"  usually  by  some  process  of  "pickling,"  as  already 
described ;  (2)  those  in  which  the  positive  and  negative  plates  are 
made  by  using  different  chemical  substances  in  their  formation 
at  the  start. 

The  Plante  Qenus  of  Battery. — A  typical  storage  battery  of 
the  first  class  is  shown  in  the  several  accompanying  illustrations. 
Here,  both  the  positive  and  negative  plates  are  shown  as  con- 
structed with  a  large  number  of  deep  parallel  grooves,  which  are 
cut  by  means  of  a  special  tool.  This  process  is  termed  "spin- 
ning." In  order  to  "form"  the  battery  the  plates,  thus  suitably 
grooved,  are  placed  in  a  strong  oxidizing  solution,  generally  am- 
monia nitrate,  after  which  the  current  is  passed  through  the  so- 
lution transforming  the  oxides  into  peroxides.    Both  the  positive 
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and  negative  grids  arc  similar  in  construction,  tlie  principal  dif- 
ference in  the  start  consisting  merely  in  the  clicmical  and  electro- 
chemical  treatment.  Witfi  the  plates  intended  for  use  as  nega- 
tives, all  trace  of  nitrates  is  carefully  washed  out.  Plates  in- 
tended for  positives  are  reformed  in  a  sulphuric  acid  electrolyte. 
After  these  processes,  the  positive  and  negative  plates  may  be 
assembled  into  storage  cells,  the  connecting  necks  being  burned 
on,  so  as  to  connect  all  positives  and  all  negatives  to  their  re- 
spective terminals.     As  shown   in  accompanying  illustrations. 
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plate  here  shnwn  has  total  outHiile  dlniunslons  of  S  X  B  in<rh'«.  The  clear  outline  of 
Ihs  Kroovoa  iiidioat™  absence  of  osidea  due  to  ftt-tion  of  "formtug"  solutions,  or 
charging  current. 

the  cells  formed  by  a  number  of  these  plates — an  odd  number  of 
positives  and  an  even  number  of  negatives — have  sheets  of 
porous  hard  rubber  between  each  pair  of  plates. 

With  batteries  of  this  make,  intended  for  use  in  electric 
vehicles,  a  voltage  output  of  from  eight  to  ten  watts  per  pound 
of  total  battery  weight  may  be  realized.  The  duration  of  its 
period  of  usefulness  is  also  considerably  longer  than  that  realized 
in  many  other  types  of  cell,  which  is  a  quality  claimed  for  sev- 
eral of  the  most  representative  batteries  of  the  Plante  genus. 
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The  Second  Type  of  Storage  Cells. — The  second  type  of 
storage  battery  is  that  in  which  the  positive  and  negative  plates 
are  made  separately,  the  chemical  difference  between  the  two 
being  furnished  by  the  use  of  diverse  chemicals  at  the  start.  An- 
other well-known  type  of  American  storage  battery,  which  is 
fairly  representative  of  this  class,  is  made  as  follows :  The  posi- 
tive plates  or  "grids'^  are  composed  of  an  alloy  of  lead  and  an- 
timony, cast  into  shape  with  a  certain  number  of  round  perfora- 
tions. Each  of  these  holes  is  then  filled  with  a  button,  made  by 
rolling  a  crimped  lead  ribbon  into  a  coil  of  proper  size  to  fit  it 
tightly.  By  an  electro-chemical  process,  the  required  lead  oxide 
is  then  produced.  The  negative  grids  are  made  by  casting  the 
proper  shape,  under  heavy  pressure,  around  a  number  of  square 
blocks  of  fused  chloride  of  zinc  and  chloride  of  lead.  When  the 
grid  is  completed,  the  zinc  is  chemically  removed,  leaving  the 
contents  of  each  perforation  pure  spongy  lead.  The  plates  are 
now  ready  to  be  assembled  into  a  cell  and  to  begin  work  as  soon 
as  the  current  has  been  passed  through  the  electrolyte  composed 
of  a  solution  of  sulphuric  acid. 

Points  on  Care  and  Operation. — On  the  manner  of  opera- 
ting and  maintaining  storage  batteries  for  use  in  electric  vehicles 
and  for  other  purposes,  there  are  a  number  of  points  to  be  con- 
sidered. However,  it  is  necessary  for  the  purpose  of  this  book 
to  deal  with  only  a  few  of  them.  In  the  first  place,  it  is  fre- 
quently necessary  for  persons  owning  and  operating  storage  bat- 
teries to  renew  the  electrolyte.  It  is,  therefore,  desirable  that 
they  should  understand  the  proportions  of  the  solution  and  the 
manner  of  preparing  it.  The  solution  generally  consists  of  five 
parts  of  distilled  water  to  one  of  concentrated  sulphuric  acid,  by 
volume.  For  some  makes  of  battery  the  proportion  is  fixed  as 
8  to  I.  The  mixture  should  be  made  by  pouring  the  acid  slowly 
into  the  water,  never  the  reverse.  As  cannot  be  too  strongly 
stated,  it  is  very  dangerous  to  pour  the  water  into  the  acid,  and  too 
much  care  cannot  be  exercised  on  this  score.  As  given  by  sev- 
eral authorities,  the  solution  of  acid  and  water  when  properly 
mixed  should  show  a  specific  gravity  of  1190  by  scale  of  the  ordi- 
nary commercial  hydrometer.  The  electrolyte  should  never  be 
mixed  in  jars  containing  the  battery  plates,  but  preferably  in 
stone  crocks,  specially  prepared  for  the  purpose.     Since  after 
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mixing,  the  solution  gives  off  considerable  heat,  it  should  be  al- 
lowed to  cool  for  at  least  four  hours. 

In  preparing  electrolytic  solutions,  care  should  always  be 
taken  that  the  water  used  is  pure  as  possible,  distilled  water 
being  preferable.  River  and  well  water  should  never  be  used  for 
this  purpose,  since  it  contains  certain  salts  of  chlorine  and 
ammonia,  which  are  apt  to  seriously  affect  the  plates  and  shorten 
the  life  of  the  battery. 

Placlns  the  Electrolyte  In  the  Jars. — In  placing  the  elec- 
trolyte in  jars  containing  the  cells,  special  care  should  be  taken 


Fro.  45a,~One  Platp,  or  "  Qriil,"  o(  a  Type  of  Storwre  Cell  constructed  by  InncTtlns  bnt- 
UinBor  ribUinaof  Iheiiroper  cliemical  Bubstancenin  pcrftuTilloiis.  Bonjusufh  colls 
UHe  criiii|w<i  rlbbniis  ortiiirtiiJUc  Imil  for  insi^rtlng  in  tlic  iwrforBtious,  others  pure  r«d 

that  the  entire  active  surface  of  the  grids  are  completely  sub- 
merged. They  should  always  be  at  least  one-halt  inch  below  the 
surface  of  the  solution.  Whenever  it  is  necessary  to  renew  the 
electrolyte  this  rule  should  be  observed,  and  so  long  as  the  bat- 
■  teries  are  in  operation  the  level  should  never  be  allowed  to  fall 
below  the  points  specified.  In  charging  a  storage  battery,  it  is 
of  prime  importance  that  the  connections  with  the  generator  be 
properly  arranged.  This  means  that  the  positive  pole  of  the 
generator  should  be  invariably  connected  to  the  positive  pole  of 
the  secondary  battery — which  is  to  say,  the  pole  which  is 
positive  in  action  when  the  current  is  emerging  from  the  sec- 
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ondary  battery,  or  the  pole  that  is  connected  to  the  positive 
plates.  As  this  is  a  matter  of  prime  importance,  the  exact  polar- 
ity of  both  generator  and  secondary  battery  should  be  accurately 
determined  before  attempt  is  made  to  charge.  An  error  in  this 
particular  will  result  in  entire  derangement  of  the  battery  and  its 
ultimate  destruction.  In  charging  a  storage  battery  for  the  first 
time  it  is  essential  that  the  current  should  be  allowed  to  enter 
at  the  anode  or  positive  pole  at  about  one-half  the  usual  charging 
rate  prescribed ;  but  after  making  sure  that  all  necessary  condi- 
tions have  been  fulfilled,  it  is  possible  to  raise  the  rate  to  that 
prescribed  by  the  manufacturers  of  the  particular  battery. 

Period  of  Charginsf  a  New  Battery. — With  several  of  the 
best  known  makes  of  the  American  storage  battery  the  pre- 
scribed period  for  the  first  charge  varies  between  twenty  and 
thirty  hours.  The  manufacturers  of  the  Gould  battery  recom- 
mend that  for  the  first  charge  half  rate  be  maintained  for  four 
hours,  after  which  the  current  may  be  increased  to  the  prescribed 
normal  power  and  continued  for  twenty  hours  Fuccessfully. 

The  strength  of  current  to  be  used  in  charging  a  cell  should 
be  in  proportion  to  its  own  rate  of  capacity.  Thus,  as  given  by 
several  manufacturers  and  other  authorities,  the  normal  charging 
rate  for  a  cell  of  400  ampere  hours  should  be  fifty  amperes.  Be- 
fore closing  the  charging  circuit  it  is  essential  that  the  voltage  of 
the  generator  should  be  at  least  ten  per  cent,  higher  than  the 
normal  voltage  of  the  battery  when  charged.  The  fact  that  a 
storage  cell  is  fully  charged  is  evident  by  the  apparent  boiling  of 
the  electrolyte  and  a  free  giving-oflf  of  gas.  It  may  also  be  de- 
termined by  testing  the  battery  with  a  voltmeter,  which  will 
show  whether  the  normal  pressure  has  been  produced.  At  the 
first  charge  of  the  battery,  the  voltage  should  be  allowed  to  rise 
somewhat  above  the  point  of  normal  pressure,  but  thereafter 
should  be  discontinued  at  a  specified  point.  At  the  first  charging 
of  a  cell,  when  the  pressure  has  reached  the  required  limit,  the 
cell  should  be  discharged  until  the  voltage  has  fallen  to  about 
two-thirds  normal  pressure,  when  the  cell  should  again  be 
recharged  to  the  normal  voltage. 

Changed  Specific  Qravlty  of  tlie  Eiectrolyte.— Another  ef- 
fect resulting  from  the  first  charging  of  a  storage  cell  is  a  change 
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in  the  specific  gravity  of  the  electrolyte.  According  to  the  fig- 
ures already  given,  this  should  be  about  1200,  when  the  solution 
is  first  poured  into  the  cells.  At  the  completion  of  the  first 
charge,  it  should,  on  the  same  scale,  be  about  1225.  If  it  is 
higher  than  this,  water  should  be  added  to  the  solution  until  the 
proper  figure  is  reached;  if  it  is  lower,  dilute  sulphuric  acid 
should  be  added  until  the  hydrometer  registers  1225. 

In  charging  a  storage  cell,  particularly  for  the  first  time,  it  is 


ponlttvc  iMstua.  liHH  s  normal  uliarelnK  tt.tf:  of  OT  anijiereB:  a  iIlBcliuve  raU'  of  211^ 
tuiipvrta  tat  i  Iihuth;  a  cannclty  of  SI  amperu-tioiin  at  3  houra'  dlHirliWEe,  uid  of  Ml 
atntieni.|iourH  kt  4  hnun'  ilJfwharRp.  The  plaUH  nm  edch  G%  X  t?^  iriL^ies.  anit  the 
totui  dlmennioDB  of  tlie  rell,  onanmd  In  its  rubber  jar,  an  in^  X  SM  X  n  iocbes. 
Forty  such  cells  are  generally  luted  for  an  afirraee  light,  vehicle  tuttery, 

desirable  to  remember  that  a  weaker  current  than  that  specified 
may  be  used  with  the  same  result,  provided  the  prescribed  dura- 
tion of  the  process  be  proportionately  lengthened.  The  battery 
may  also  be  charged  beyond  the  prescribed  voltage,  ten  or 
twenty  per  cent,  overcharge  affecting  no  injury  occasionally; 
although,  if  frequently  repeated,  it  seriously  shortens  the  life 
of  the  battery. 
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Another  point  of  importance  touches  the  question  of  maintain- 
ing the  charge  of  the  battery.  Even  if  the  use  is  only  slight,  in 
proportion  to  the  output  capacity,  the  battery  should  be  charged 
at  least  once  in  two  weeks,  in  order  to  maintain  it  at  the  point 
of  highest  efficiency.  About  as  often  a  battery  should  be  charged 
at  slowest  rate,  the  charging  current  being  adjusted  to  complete 
the  charge  only  in  twenty  or  thirty  hours. 

In  charging  a  storage  battery,  it  is  essential  to  remember  the 
fact  that  the  rate  of  charge  is  in  proportion  to  the  voltage  of  the 
battery  itself.  Thus,  a  loo-ampere-hour  battery,  charged  from 
a  no  volt  circuit,  at  the  rate  of  ten  amperes  per  hour,  would  re- 
quire ten  hours  to  charge,  and  would  consume  in  that  time  an 
amount  of  electrical  energy  represented  by  the  product  of  no 
(voltage)  by  ten  (hours),  which  would  give  i,ioo  watts. 

Results  of  High  Rates  of  Chars^nsf. — In  charging  a  bat- 
tery at  a  high  rate,  the  danger  to  be  avoided  is  the  tendency  of 
the  cells  to  heat.  The  troubles  that  might  arise  from  this  cause 
may  be  prevented  by  immediately  reducing  the  current  strength. 
The  proper  rate  of  charge  for  a  given  battery  of  cells  may  be 
thus  discovered  by  experiment.  A  battery  should  ne/er  be 
charged  at  a  high  rate  unless  it  be  completely  exhausted,  since 
it  is  a  fact  that  the  rate  of  charge  that  it  will  absorb  is  dependent 
upon  the  amount  of  energy  already  absorbed. 

As  given  by  a  well-known  authority,  a  type  of  cell,  whose 
make  and  capacity  is  specified  by  him,  may  be  charged  at  the 
following  rate  in  45  minutes :  140  amperes  for  the  first  20  min- 
utes ;  100  amperes  for  the  next  5  minutes ;  70  amperes  for  the 
next  5  minutes ;  30  amperes  for  the  next  10  minutes;  10  amperes 
for  the  last  5  minutes.  This  is  the  rate  to  be  followed  when  the 
battery  is  completely  discharged.  The  same  authority  gives  for 
the  same  battery  the  following  figures  for  full  charging  in  three 
hours:  For  the  first  half  hour,  70  amperes;  for  the  second,  40 
amperes ;  for  the  third,  30  amperes ;  for  the  fourth,  20  amperes, 
and  during  the  last  hour,  10  amperes. 

These  rules  are  imperative,  and  a  current  of  a  given  strength 
should  not  be  continued  over  the  time  specified  in  the  directions, 
nor  after  the  voltmeter  records  a  pressure  of  2.6  volts  per  cell. 


'  CHAPTER   FORTY-ONE. 

ON    THE    CONSTRUCTION    AND    OPERATION     OF    BRAKES    ON 

MOTOR  CARRIAGES. 

General  Requirements  in  Bralces.— An  important  subject  in 
connection  with  the  construction  and  operation  of  motor  vehicles 
relates  to  the  brakes  used  for  retarding«the  movement  of  the  car- 
riage when  it  is  desirable  to  either  come  to  a  more  or  less  sudden 
stop,  or  to  hold  th**  carriage  stationary  on  the  side  of  an  incline. 
Several  conditions  are  essential  to  the  designing  of  brakes  for 
motor  carriages,  among  which  we  may  mention  ease  and  rapidity 
of  operation  and  the  maximum  of  braking  effect,  with  the  mini- 
mum of  power  exerted  at  the  operating  lever. 

Varieties  of  Construction  in  Bralces. — ^There  are  two  kinds 
ot  brakes  in  familiar  use  on  vehicles  of  all  descriptions:  Shoe 
brakes,  which  operate  by  the  pressure  of  the  contact  surface  or 
shoe  upon  the  periphery  of  the  wheel  tire,  and  drum  brakes, 
which  operate  by  tightening  a  band  around  a  drum,  either  on  the 
hub  of  the  wheel  or  on  tli^  case  of  the  differential  gear.  Both 
varieties  are  used  to  a  considerable  extent  on  motor  vehicles,  al- 
though most  authorities  agree  that  shoe  brakes  are  unsuitable 
for  use  on  wheels  tired  with  pneumatic  tubes.  The  reason  given 
for  this  opinion  is  that  the  constricting  effort  due  to  pressing  the 
shoe  against  the  tire  is,  like  the  ordinary  shocks  experienced  in 
travel,  largely  absorbed  by  the  tire  itself,  with  the  result  that  it 
is  liable  to  be  rent  or  torn  from  its  attachment  to  the  rim.  On 
the  other  hand,  it  has  been  asserted  by  at  least  one  well-known 
manufacturer  of  motor  vehicles  that  shoe  brakes  may  be  safely 
and  satisfactorily  used  on  pneumatic-tired  wheels,  provided  the 
surface  contact  of  the  shoes  extend  over  a  sufficiently  extensive 
arc  to  prevent  the  strain  from  being  concentrated  on  small  areas 
of  the  circumference.  This  authority  asserts  that  he  himself  has 
used  a  motor  tricycle  for  several  years,  the  wheels  of  which  are 
equipped  with  a  shoe  brake  constructed  according  to  his  idea. 
The  result  is,  he  states,  that  the  contact  surface  of  the  shoe  has 
been  worn  much  more  rapidly  than  the  tire  surface,  which  seems 
to  suffer  very  little,  if  any,  more  than  would  be  the  case  with  the 
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use  of  any  other  form  of  brake.  Whether  his  experience  in  tliis 
regard  would  be  borne  out  in  general  practice,  it  is  not  necessary 
to  inquire,  the  fact  being  that  nearly  all  motor  vehicles  at  the 
present  time  operate  with  drum  and  strap  brakes. 

Principfes  of  Band  Brake  Operation. — Among  the  advan- 
tages possibly  to  be  alleged  for  the  drum  and  band  brake  we  may 
enumerate  the  facts  that,  with  ordinary  connections,  they  arc 
much  more  readily  operated  and  with  much  greater  effect  while 
on  any  showing  involving  a  minimum  of  wear  on  the  moving 
parts.  As  may  be  readily  understood,  the  operation  of  the  drum 
and  band  brake  is  a  reversed  application  of  the  principle  of 
torque,  as  already  explained  in  connection  with  the  electrical 
motor.  As  there  explained,  if  the  power  acting  upon  a  rotating 
shaft  be  equal  to  the  weight  of  fifty  pounds  constantly  applied, 
and  the  pulley  attached  to  the  shaft  be  twice  the  diameter  of  the 
shaft,  the  available  power  at  the  periphery  of  the  pulley  will  be 
just  one-half  that  exerted  on  the  periphery  of  the  shaft  itself. 
This  statement  is  equivalent  to  saying  that  if  a  rope  carrying  a 
weight  of  fifty  pounds  be  wound  about  a  pulley,  whose  diameter 
is  one  foot,  mounted  on  a  shaft,  whose  diameter  is  six  inches, 
it  will  exactly  balance  a  weight  of  one  hundred  pounds  on  a  rope 
wound  about  the  shaft.  The  constantly  ajpplied  power  of  slightly 
over  twenty-five  pounds  at  the  periphery  of  the  pulley  will  be 
sufficient  to  rotate  the  shaft  against  a  resistance  of  fifty  pounds 
on  the  shaft.  It  thus  appears  that  the  braking  power,  applied 
around  the  periphery  of  the  brake  drum,  is  efficient  in  retarding 
the  momentum  of  a  forward-moving  vehicle  in  very  nearly  the 
inverted  ratio  existing  between  the  diameters  of  the  drum,  or 
pulley,  and  the  rotating  shaft  to  which  it  is  attached.  In  the 
practical  application  of  this  principle,  however,  it  is  obvious  that 
there  must  be  very  definite  limits  to  the  diameter  of  the  brake 
drum,  or  pulley,  beyond  which  it  would  be  undesirable  to  go. 
According  to  the  practice  adopted  by  light  motor  vehicle  manu- 
facturers, the  average  diameters  of  brake  drums  range  between 
eight  inches  and  two  feet,  the  principal  item  of  variation  in  this 
respect  being  the  weight  of  the  vehicle  itself. 

Beaumont's  Formulas  for  Brakes. — It  is  possible  to  obtain  a 
very  efficient  band  brake  on  a  very  moderate  diameter  of  drum, 
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owing  to  the  fact,  which  need  scarcely  be  mentioned,  that  the 
braking  effort  is  never  applied  until  the  motive  power  is  discon- 
nected from  the  running  gear.  In  a  steam  vehicle,  the  first  act  is 
to  shut  off  the  steam  from  the  cylinder ;  in  a  gasoline  vehicle,  to 
throw  off  the  main  clutch ;  in  an  electrical  vehicle,  to  open  the 
circuit  of  the  motor  and  batteries.  The  resistance  against  which 
the  brake  must  then  operate  is  found  to  be  purely  a  consideration 
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Fio.  4M.— The  Hub  Brake  and  Operating  Levers  Used  on  the  Panhard  Carriages.— The 
arm,  F,  being  pushed  iu  the  direction  of  the  arrow,  causes  the  arm,  G,  on  the  same 
pivot,  H.  to  move  in  the  opposite  direction,  as  mdiciited  by  the  lower  arrow.  Through 
this  arm,  G,  runs  the  cable,  J,  as  shown.  \*hich,  pulling  on  tlie  arm,  K,  pivoted  at  /, 
pulls  the  stnip,  shown  by  dotted  lines  around  the  drum,  S.  The  otiier  end  of  thtj 
strap  attachea  to  the  short  arm  of  the  lever,  K,  is  thus  drawn  toward  the  same  point; 
a  tight  frictional  bind  being  the  result. 


of  the  vehicle's  weight,  its  velocity  and  the  acceleration  due  to 
gravity.  This  principle  is  already  stated  by  Mr.  Beaumont,  as 
follows : 

"When  it  is  necessary  to  determine  the  brake  power  to  stop  a 
vehicle  of  a  given  weight  running  at  a  given  speed,  in  a  given 
distance,  and,  by  this  means,  arrive  at  something  like  due  com- 
prehension of  the  necessary  parts  brought  into  play  to  effect  this 
stop,  it  must  first  be  pointed  out  to  those  who  overlook  the  fact, 
that  the  strain  put  upon  a  brake  to  effect  a  stop  in  a  given  dis- 
tance increases  as  the  square  of  the  increase  of  speed;  so  that 
to  stop  a  car  running  twenty  miles  per  hour  requires  four  times 
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the  power  necessary  to  stop  it  in  the  same  distance  when  run- 
ning ten  miles  per  hour.  Commonly,  all  calculations  relating  to 
the  acceleration  of  masses  at  high  speed  are  calculated  on  the 
basis  of  distance  covered  in  feet  per  second,  and  hence  the  work 
or  energy  lodged  in  a  mass  having  a  given  weight  and  moving 
at  a  given  velocity  in  feet  per  second  is  given  by  the  following 
expression : 


K  = 


W  V 

2g 


3 


in  which  K  rep?;esents  the  work,  or  energy,  lodged  in  the  mov- 
ing mass ;  W  represents  its  weight ;  v,  its  velocity,  expressed  in 


Fia.  455. 


Fig.  466. 


Fio8.  456  and  466.— Two  Forms  of  Constricting  Band  Brake.  In  the  first  fleure,  the  drum, 
E,  rotates  on  ttie  spindle,  D.  Two  shoes,  F  and  G,  joined  to  the  linlc,  L,  pivoted  at  J, 
M«  pressed  against  the  periphery  of  the  drum,  E,  when  the  linlc,  K,  moves  the  lever, 
H,  pivoted  at  C,  so  as  to  pull  the  arm.  A,  on  F,  by  compressing  the  spring,  B,  normally 
holding  them  apart. 

In  the  second  figure,  the  ¥and,  D,  surrounding  the  drum,  G,  is  drawn  tight,  when  the  link, 
A,  operates  the  bell  crank,  B,  thus  producing  a  pull  through  its  attachments  at  C 
and  jS. 

feet  per  second,  and  g^  the  acceleration  due  to  gravity,  or  32.2 
feet  per  second." 

From  the  above  formula,  Mr.  Beaumont  proceeds  to  derive 
other  essential  elements,  such  as  the  efficient  power  necessarily 
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applied  to  stop  a  vehicle  of  given  weight,  in  a  given  length  of 
travel. 

Reducing  the  expression  for  feet  per  second  to  miles  per  hour, 
according  to  the  usual  standard,  and,  assuming  the  weight  of  the 
vehicle  to  be  one  ton  (of  2,240  pounds),  he  reduces  the  formula, 
as  follows:  One  mile  being  5,280  feet,  and  one  hour,  3,600 
seconds, 

1  mile  per  hour  =    ',^^  =  1.466  feet  per  second. 

Whence  W  v»   _    W   x    (1.466)^  __  W   X   2.15  _ 

2  g  GO  64^4^"  "  ^^  ^  ^•^^^'^• 

Then  a  vehicle  weighing  one  ton,  traveling  at  ten  and  twenty 
miles  per  hour,  by  the  formula, 

K  =  W  V^  X  0.0334, 
in  which    V  represents  miles  per  hour,   will  be  for  10    miles 
2,240    X    100   X    0.0334   .-    7,480  foot  pounds;   for  20  miles 
2,240    X    400   X    0.0334   =  29,920  foot  pounds. 

To  Find  Distance  in  Which  Bralces  Will  Act  on  Vehicle's 
Speed. — Then,  taking  k  as  the  coefficient  of  friction  between  the 
tires  and  road  surface,  which  is  approximately  0.60  for  rubber 
tires ;  and  taking  W  as  the  proportion  of  the  total  weight  carried 
by  the  wheels  to  which  the  brake  is  applied,  which  may  be  as- 
sumed to  be  0.6  of  the  whole,  the  maximum  distance  required  to 
stop  the  vehicle  on  the  level,  on  an  ordinary  road,  whose  surface 
resistance  is,  supposedly,  included  in  the  expression,  k,  may  be 
expressed  by  /,  as  follows : 

_  W  V^  X  0.0334 

~"  h  w 

Then,  for  a  vehicle  weighing  one  ton,  tired  with  average  rub- 
ber tires,  traveling  at  a  momentum  of  10  and  20  miles  per  hour, 
respectively,  we  have : 

?  =  -  ^  ^'^^.^o. .  =     9.3  feet  at  10  miles,  and 
0.6  X  1,344 

I  =  ^J^"^        =  37.1  feet  at  20  miles  ; 
0.6  X  1,  44 

these  distances  representing  the  maximum,  with  a  braking  effect 

sufficient  to  cause  the  wheels  to  skid. 
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To  Find  the  Required  Braking:  Pull.. — In  order  to  find  the 
necessary  pull,  p,  on  the  brake  band,  the  following  formula  is 
given : 

W  V2  X  .0334 

p  =z   k  to  = ,   , 

which  for  one  typical  vehicle,-  moving  at  20  miles  per  hour, 
gives, 

29,920       Q^^  . 

p  =  —~^.r~  =  806  pounds. 


Fio.  457. 


Fio.  458. 


Figs.  457  and  458.— Two  Forms  of  Expanding  Band  Brake.  In  the  first  figure,  the  gear,  G, 
has  an  internal  bearing  surface,  within  which  is  the  band,  C,  pivoted  at  A,  a  point 
separate  from  Q.  The  arm,  B,  of  the  bell  crank,  B  D,  being  moved  to  the  left,  spreads 
apart  the  two  links.  £  and  F,  connected  to  D  at  H,  thus  pressing  both  ends  of  the 
band,  C,  against  the  Internal  bearing  surface  of  G,  and  producing  the  necessary  brak- 
ing friction. 

In  the  second  figure,  the  gear,  A,  similarly  arranged  with  an  internal  bearing  surface, 
contains  the  expanding  band,  B.  When  the  link,  C,  is  pulled,  the  lever  arm.  D,  double- 
pivoted  at  £  and  F,  causes  the  two  ends  of  the  band,  B,  to  press  against  tbe  internal 
bearing  surface  of  A,  thus  creating  friction.  The  spring  shown  normally  holds  the 
two  ends  of  the  band  apart. 

Varieties  of  Drum  and  Band  Bralce. — As  shown  by  accom- 
panying illustrations,  there  are  two  general  types  of  drum  brake, 
the  first  consisting  of  a  drum  or  pulley,  around  the  circumfer- 
ence of  which  is  a  metal  strap  faced  with  leather,  which  is  drawn 
tight  whenever  it  is  desired  to  furnish  the  resistance  necessary  to 
check  the  rotation  of  the  shaft ;  and  expanding  band  brakes,  in 
which  a  similar  metal  strap,  faced  with  leather  or  other  suitable 
substance  acts  against  the  internal  surface  of  a  rotating  drum  or 
pulley.  The  former  type  is,  however,  at  the  present  time  the 
most  usual  construction,  although  the  latter  is  seeing  an  increas- 
ing popularity. 
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In  some  forms  of  constricting  band  brakes,  instead  of  a  metal 
strap  extending  entirely  around  the  drum,  two  shoes  pivoted  at 
a  certain  point,  and  having  their  inside  faces  faced  with  leather, 
are  tightened  against  the  drum  by  a  suitable  lever.  In  practically 
all  forms  of  expanding  band  brake  the  band  is  attached  to  the 
outside  frame,  at  one  point  of  its  circnniference,  and  is  suitably 
tightened  by  a  toggle  joint  operated  by  a  lever.  This  is  the  plan 
adopted  in  the  several  types  shown  in  the  accompanying  illus- 
trations. 


Fro.  «*.— The  "  Durjea  '■  ExpHndins  Break.  The  two  ends  of  the  meUI  bmd  are  sepK- 
™ted  by  Ihe  le»er,  A,  >rHl  Iho  adiiiBtlriB  .crew,  B,  which  to  Bwiteled  to  the  hinge.  C. 
i  forward  pull  on  lever.  A,  Ihmugh  Ihe  chuln  pull,  indicated  by  D,  cauwa  the  two 
ends  of  Ihe  band  to  be  thrust  upan,  and  bear  BicainM  \  he  inner  aurfaoe  of  the  (ptwket. 
The  extension  ■prlni;.  E,  normaUy  holds  the  band  away  from  this  frli;lion  surfjuv. 
The  iwo  lugs.  FT,  attaelied  to  a  spider  hune  on  the  axis  of  the  sproeket.  lake  the 
brakinic  effort  from  the  bottom  of  Ihe  band  more  into  [he  lino  of  travel.  A  Inune- 
work  todic»ted  at  H  and  I,  supports  a  leather  guard  covering  both  the  chain  uxl 

The  Care  of  Brakes In  successfully  operating  a  motor  car- 
riage it  is  particularly  essential  that  the  brakes  should  be  main- 
tained in  good  working  order.  This  involves  that  the  levers  and 
connections  should  at  all  times  operate  perfectly,  and  that  no 
worn  or  loose  bearings  should  be  neglected.  Furthermore,  and 
most  important,  the  friction  surface  between  the  band  and  the 
drum  should  be  constantly  and  carefully  guarded  from  oil  de- 
posits, which  will  certainly  render  the  braking  effort  useless.  If 
oil  collects  between  the  band  and  the  drum  surface  it  may  be  cut 
out  with  gasoline,  and  the  parts  then  carefully  wiped  with  a  suit- 
able rag. 


CHAPTER   FORTY-TWO. 

ON   BALL  AND   ROLLER  BEARINGS  FOR   MOTOR  CARRIAGE  USE. 

The  General  Uses  of  Rotative  Bearins^s. — ^The  practical 
problems  involved  in  the  construction  of  bicycles  and  motor  car- 
riages have  given  a  great  popularity  to  ball  and  roller  bearings 
for  use  in  connection  with  almost  every  variety  of  rotating  shaft. 
As  we  have  already  seen  in  several  constructions  mentioned  in 
previous  parts  of  this  volume,  ball  bearings  are  used  in  a  large 
variety  of  different  devices,  in  order  to  allow  of  the  greatest  pos- 
sible ease  in  turning  with  the  smallest  friction  and  wear.  The 
most  important  use,  however,  for  ball  and  roller  bearings,  in  both 
bicycles  and  motor  carriages,  is  on  the  axles  of  the  road  wheels. 
For  this  purpose,  although  ball  bearings  are  eminently  satisfac- 
tory on  the  wheel  axles  and  pedals  of  bicycles,  they  are  for  a 
number  of  reasons  unsuitable  for  the  heavier  weights  and  higher 
speeds  of  motor  carriages.  Accordingly  roller  bearings  have 
taken  their  place  almost  exclusively  in  this  connection. 

Rotating  Supports  vs.  Sliding^  Surfaces. — ^The  principal  ob- 
ject involved  in  using  ball  and  roller  bearings  on  bicycles  and 
motor  carriages  is  to  secure  economy  of  traction  effort,  with  ease 
and  rapidity  of  driving,  as  well  as  a  minimum  of  starting  effort 
at  the  beginning  of  travel.  A  few  simple  principles  will  serve  to 
fully  explain  the  reasons  for  this  fact.  When  we  have  a  plain 
wheel  bearing,  such  as  is  used  on  ordinary  horse  carriages,  con- 
sisting of  a  simple  tapered  boss,  with  a  similarly  shaped  hollow 
axle-box  rotating  around  it,  there  is  a  considerable  effort  neces- 
sary at  starting  from  rest,  a  good  proportion  of  the  power  being 
consumed  in  resisting  the  friction  between  the  sliding  surfaces. 
This  resistance  is  very  largely  due  to  adhesion  between  the  two 
sliding  surfaces,  due  to  cohesion  of  the  lubricating  oil  or  grease. 
As  a  matter  of  fact,  it  may  be  easily  understood  that  the  sliding 
action  of  two  round  surfaces,  one  within  another,  may  be  readily 
compared  to  the  sliding  of  one  plane  surface  upon  another.  The 
first  difference  in  point  of  resistance  and  effort  necessary  to  over- 
come inertia,  as  between  two  such  surfaces,  when  sliding  against 
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one  another  directly,  and  when  some  kind  of  rollers  or  rotating 
supports  aie  interposed,  is  a  matter  of  the  commonest  experi- 
ence. Ihe  heaviest  objects  may  be  readily  moved  or  slid  along 
the  groimd  when  rollers  are  placed  beneaih  them;  also  the 
heaviest  loads  when  carried  on  wheels  of  suitable  breadth  and 
diameter  may  be  handled  with  a  degree  of  ease,  increasing  di- 
rectly as  the  ideal  conditions  are  approximated.  This  principle  is 
the  very  one  that  is  applied  in  the  practice  of  substituting  ball 
and  roller  bearings  for  ordinary  plain  bearings.  Instead  of  two 
plane  surfaces  having  rollers  interposed,  the  two  surfaces  are 
given  a  rounded  contour,  the  one  being  within  the  other,  and  the 
same  rule  of  increased  ease  of  relative  movement  applies. 


Rotative  Bearings  v«.  Plain  Bearinsrs. — The  obvious  reason 
for  the  superior  traction  qualities  obtained  by  the  use  of  both 
kinds  of  rotative  bearings  is  that  the  friction  and  resistance  be- 
tween the  relatively  moving  surfaces  is  so  greatly  distributed  that 
it  is  reduced  to  a  practically  negligible  quantity. 

One  of  the  most  familiar  evidences  of  loss  in  power  through 
the  friction  of  the  sliding  surfaces,  in  plain  bearing  wheels,  is  seen 
in  the  fact  that  the  hubs  speedily  become  loose,  greatly  to  the 
detriment  of  balanced  rotation  of  the  wheels  and  waste  of  trac- 
tion effort.  With  properly  adjusted  ball  or  roller  bearings  this 
lesult  is  indefinitely  delayed,  even  where  it  is  not  entirely  obvi- 
ated, and  the  wheels  on  which  they  are  used  not  only  give  thg 
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best  results  in  point  of  tractive  efficiency,  but  also  in  the  duration 
of  their  period  of  usefulness. 

The  Limitations  of  Ball  Bearings  — Of  tlie  two  varieties  of 
rotative  bearing,  however,  we  may  state  on  the  authority  of  sev- 
eral writers  on  the  subject  that  ball  bearings  have  very  decided 
limitations  in  point  of  useful  operation  as  compared  with  cylin- 
drical roller  bearing  surfaces.  Balls  have  been  successfully  used 
on  bicycles  and  numerous  other  constructions,  but  even  at  their 


Fio.  Ml.— Stud  31eeriDK  Axle  shonlns  Hub  hung  on  Conical  Roller  Baarlnga.  Tba  ahape 
of  tbe  beu-jn^  serres  the  double  purpose  of  Becuring  perfect  rotative  movemertt  In 
torwud  trttrel;  also  to  take  up  cndtbrUHU. 

best  involve  a  considerable  loss  of  power,  owing  to  the  fact  that 
they  roll  in  opposite  directions  and  constantly  rub  against  one 
another,  with  the  result  that  the  friction  speedily  wears  them  out,  ■ 
involving  constant  necessity  of  repairs.  Furthermore,  as  the 
pressure  of  the  load  must  necessarily  come  on  one  point  only  at 
a  time,  there  is  a  limit  to  the  weight  which  can  be  carried  suc- 
cessfully without  crushing  one  or  several  balls  and  jamming  the 
ball  race. 

When  the  balls  are  confined  by  flat  cones,  heavy  pressure  upon 
single  points  causes  crystallization  and  speedy  deterioration.  To 
remedy  this  defect  some  builders  have  curved  the  cones  to  fit  the 
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balls  as  nearly  as  possible,  with  the  result  of  reducing  the  wear,  . 

but  increasing  the  friction,  since  there  is  then  no  longer  a  simple  | 

rolling  action  between  the  balls  and  cones.  Others  have  adopted 
the  plan  of  staggering  the  balls  so  that  they  travel  upon  different 
surfaces  of  the  cones;  but  this  expedient  also  involves  consid- 
erable wear  and  friction  of  the  ball  surfaces,  and  crystallization 
follows  much  more  speedily.  j 

The  Conditions  of  Usin^  Roller  Bearins^s. — ^Very  largely 
from  the  reasons  already  enumerated,  the  roller  bearings  have 
come  into  almost  universal  use  for  the  road  wheels  of  motor  car- 
riages. As  stated  by  a  prominent  manufacturer  of  roller  bear- 
ings, we  have  it  that  "for  heavy  weights  it  would  seem  that  a 
greater  roUing  surface  must  be  obtained  before  we  can  have  a 
successful  bearing,  and  yet,  combined  with  this  greater  rolling 
surface,  there  must  be  a  purely  rolling  action  to  eliminate  the 
wear  that  results  from  rubbing  and  crystallization." 

As  stated  by  a  noted  authority,  the  peculiar  advantage  of  the 
roller  bearing  lies  in  the  fact  that  in  the  ideal  conditions  there  is 
no  relative  sliding,  and,  therefore,  theoretically,  no  friction.  As 
also  stated  by  him,  however,  there  are  several  difficulties  in  the 
way  of  obtaining  the  theoretically  perfect  conditions  in  practical 
operation.  These  are:  (i)  the  concentration  of  the  load  upon 
points ;  (2)  the  almost  insurmountable  difficulty  of  obtaining  truly 
circular  cylindrical  rollers ;  (3)  the  friction  on  the  surfaces  of  the 
rollers  themselves ;  (4)  the  difficulty  of  adjustment ;  (5)  the  lack 
of  parallelism  when  the  rollers  are  slightly  worn ;  (6)  the  difficulty 
of  providing  for  end  thrusts  or  side  pressures ;  (7)  the  blows  and 
shocks  resulting  when  wearing  has  occurred  on  the  surfaces  of 
the  rollers.  He  further  explains  that  to  any  extent  whatever, 
however  small,  that  the  surface  of  contact  deviates  from  the 
theoretical  or  geometrical  line,  the  action  between  the  two  sur- 
faces deviates  from  the  theoretically  perfect  rolling  contact,  in- 
volving sliding  or  frictional  contact  proportionate  to  the  de- 
formation of  the  roller.  The  principal  cause  for  the  breaking  of 
roller  bearings,  which  is  so  fertile  a  source  of  annoyance  and 
disablement  to  the  road  wheels  of  motor  carriages,  is  due  to  the 
hammering  action  resulting  when  any  single  roller  lacks  in  the 
point  of  uniformity  of  hardening  with  its  mates,  which  results  in 
a  greater  initial  strain  in  its  material. 
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Constructional  Points  on  Roller  Bearings  — Given  the  best 
possible  process  available  to  the  practical  machinist  for  the  needs 
of  adequately  shaping  and  hardening  rollers,  the  problem  of  the 
best  construction  becomes  almost  entirely  one  of  proper  assem- 
bling of  the  several  parts.  As  shown  by  the  accompanying^  il- 
lustration, the  usual  method  of  mounting  roller  bearings  is  to 
enclose  them  in  a  suitable  case,  in  which  the  several  cylindrical 
rollers  are  separated,  so  that,  rotating  on  their  own  axes,  their 
surfaces  do  not  come  into  contact.  It  is  a  very  usual  practice  to 
include  end  thrust  ball  bearings  at  the  extremities  of  tho  roller 
cylinders,  so  as  to  still  further  reduce  the  wear  and  friction  inci- 
dent on  the  rotation  of  the  several  cylinders. 

One  of  the  most  excellent  types  of  roller  bearing  for  motor 
carriages  is  the  "American"  roller  bearing,  which,  as  shown  by 


n  &  RptaininR  CB«e.  The  bearinp  Mr.  buDS  to  tb« 
9epttrat«il  by  Btalkiinjy  piei-es  o(  nwtal.  T6e  Iniwr 
L«rrtlie  axle  box. 


the  accompanying  illustrations,  consists  of  a  set  of  main  rollers 
intended  directly  to  sustain  the  weight,  and  running  in  races  on 
the  hub  and  on  the  axle.  These  main  rollers  are  separated  and 
guided  by  intermediate  separating  rollers,  whose  office  is  solely 
that  of  separating  and  guiding.  These  separating  rollers  are  con- 
fined between  the  centres  of  the  main  rollers  and  overlap  their 
ends,  their  action  being  entirely  rolling.  The  supports  of  these 
separating  rollers  are  had  in  three  rings  held  in  place  by  the 
flange  ends  of  the  separators  and  running  in  narrow  beveled 
grooves  in  tbc  separators  and  in  the  fixed  caps  which  enclose  the 
entire  mechanism.  The  rolling  parts  are  so  arranged  that  the 
separators  engage  their  supports  in  perfect  harmony  with  the 
main  rollers,  traveling  just  fast  enough  to  keep  up  with  them  in 
going  about  the  axle,  thus  avoiding  both  dragging  and  pushing. 
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In  this  tj-pe  of  bearing  the  enj  thrust  is  entirely  taken  by 
bevels,  on  the  principle  of  the  flanges  on  car  wheels,  this  con- 
struction involving  that  there  is  no  rubbing  friction ;  the  action 
between  the  ends  of  the  roller  and  bevels,  being  purely  a  rolling 
one,  they  are  thrust  against  each  other.  As  claimed  by  the  manu- 


Fra.  MS,— Seclional  Diogranu  of  the  "  Amerionn  "  Roller  BearinE.  These  hearings  »re 
bevirled  at  the  endti,  aa  Indlcaled,  the  berels  tnklne  up  the  end  thnuls.  uid  are  Bepa 
rated  by  Hnaller  rollers,  one  of  whluli  In  shown  below  the  larger  Bgures.  These  sepa- 
rating rollers  do  not  come  Into  coutnct  nith  the  rotnting  axle. 

facturers,  the  separators  hold  the  main  rollers  far  better  than  any 
cage  could,  while  the  wear  upon  them  is  practically  negligible, 
the  result  being  that  the  main  rollers  are  never  allowed  to  twist 
around,  as  is  frequenty  the  case  in  caged  bearings. 


CHAPTER  FORTY-THREE. 

ON  THE  NATURE  AND  USE  OF  LUBRICANTS. 

Of  Lubricants  for  Various  Purposes. — One  of  the  most  im- 
portant considerations  in  connection  with  the  operation  of  a 
motor  vehicle,  of  any  power,  relates  to  the  proper  lubrication  of 
the  moving  parts.  As  is  perfectly  evident  on  reflection,  it  is 
necessary  that  all  such  parts  should  be  supplied  with  oil  or  lubri- 
cating grease,  but  it  is  also  a  fact,  not  so  well  understood,  that 
different  kinds  of  lubricant  are  necessary  to  the  different  kinds 
of  mechanisms. 

Of  Lubricants  for  Qasoline  Engine  Cylinders. — Every  re- 
liable dealer  in  lubricants  has  a  specially  prepared  grade  of  oil 
for  a  gas  engine  cylinder,  and  still  another  for  use  in  the  cylinder 
of  a  steam  engine,  and  all  agree  to  the  statement,  that  the  kind  of 
lubricant  suitable  in  one  case  is  wholly  useless  in  the  other.  The 
primary  reason  for  this  distinction  is  that,  as  we  have  seen,  the 
cylinder  of  a  gas  engine  operates  under  a  far  higher  temperature 
than  is  possible  even  in  a  steam  engine,  and  consequently  the 
oils  intended  for  use  in  the  former  case  must  be  of  such  a  quality 
that  the  point  at  which  they  will  burn  and  carbonize  from  heat 
is  as  high  as  possible.  Furthermore,  it  is  essential  in  a  gas  en- 
gine cylinder  that  the  oil  should  be  constantly  supplied,  and  for 
the  purpose  of  properly  meeting  this  requirement  a  number  of 
different  kinds  of  dripping  and  filtering  oil  cups  have  been  de- 
vised and  put  into  practical  use. 

Requirements  In  Qas  Engine  Lubricants. — ^As  has  been  re- 
peatedly pointed  out  by  gas  engine  authorities,  the  apparently 
long  period  spent  in  finally  perfecting  the  motor  was  due  almost 
entirely  to  the  fact  that  the  subject  of  proper  lubrication  was  not 
fully  understood.  With  the  ordinary  oils,  which  are  sufficiently 
suitable  for  use  in  the  steam  engine  cylinder,  it  was  impossible 
to  obtain  anything  like  a  satisfactory  speed  and  power  efficiency, 
and  only  when  the  superior  properties  of  mineral  oils  were  bet- 
ter understood  was  the  present  high  degree  of  perfection  in  any 
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sense  obtainable.  Even  to  the  present  day  the  question  of  proper 
lubricants  for  gas  engines  is  most  essential,  and,  as  has  been  per- 
tinently remarked,  "the  saving  of  a  few  cents  per  gallon  in  pur- 
chasing a  cheaper  grade  of  oil  for  this  purpose  is  the  most  ex- 
pensive kind  of  economy  imaginable."  The  general  qualities  es- 
sential in  a  lubricating  oil  for  use  on  gas  engine  cylinders  in- 
clude a  "flashing  point  of  not  less  than  360°,  Fahrenheit,  and 
fire  test  of  at  least  420°,  together  with  a  specific  gravity  of  25.8 
and  a  viscosity  ot  175." 


riOB.  4B4,  MS,  and  460.—' 

spcond  IlKurcs.  llio  (low  of  nli  inrcuulawa  by  the  lliunibwrcMri' ftl  thelop. 
tile  ol]  U>  ilrip  at  any  ruiiilreil  rate  1%e  Drst  lli^re  bIiowb  a  "  Blgbt-ie 
nil  it'll,  OH  Hliuirn.  nirans  thai  the  ntle  uiil  c<)nfllaa(.-y  uF  Ibi?  Ti-ed  may  beeiwn  through 
tbu  HH-tlon  of  eluiH  tiibn  at  the  base.  In  the  thinltliiure.  tlie  houd-whwl  at  the  Idp 
Is  mtrulv  forfllliiiK  thereaprvoir,  the  amount  of  llciw  Win);  reKUlaUil  by  tlie  cocks  al 
the  tiuHe,  By  re^aliiiR  llie  now  by  tberiKhl-hiina  coek,  i  he  left-hand  aviii  only  to 
(^len  anil  olixie  thr  vent,  pemitltinE  a  Dow  of  no  more  am)  no  less  than  that  dcter- 
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the  flrst  two  are  the  most  cunimoD.    Tlie  tlTHt  Is  used  tor  cylinder  lubncaUon. 

Some  Objections  to  Organic  Oils. — While  a  number  of  ani- 
mal and  vegetable  oils  have  a  flashing  point,  and  yield  a  fire  test 
sufficiently  high  to  come  within  the  figures  specified,  they  all 
contain  acids  or  other  substances  which  have  a  harmful  effect  on 
the  metal  surfaces  it  is  intended  to  lubricate.  In  addition  to  this, 
their  tendency  to  gum  or  congeal  under  certain  conditions  of 
temperature  or  pressure  render  them  unfit  for  the  purpose  of  gas 
engine  lubrication. 
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The  \}si^  of  Graphite  as  a  Lubricant. — Many  authorities 
strongly  recommend  the  use  of .  powdered  or  flaked  graphite  in 
the  cylinders  of  explosive  engines  for  the  reason  that  this  sub- 
stance is  one  of  the  most  efficient  of  solid  lubricants,  especially 
at  high  temperatures.  It  has  been  found  especially  useful  in 
some  steam  engine  cylinders  and  in  general  on  the  bearings  and 
moving  parts  liable  to  become  overheated.  According  to  sev- 
eral well-known  authorities,  it  is  well  adapted  for  use  under  both 
light  and  heavy  pressures  when  mixed  with  certain  oils.  It  is 
also  especially  valuable  in  preventing  abrasion  and  cutting  under 
heavy  loads  and  at  low  velocities. 

In  using  graphite  as  a  lubricant,  it  is  positively  essential  to  re- 
member one  thing:  It  is,  as  said,  very  useful  for  certain  pur^ 
poses,  when  mixed  with  some  liquid  oil  lubricants.  However,  it 
is  impossible  to  use  it  in  connection  with  oils  that  are  to  be  fil- 
tered through  the  small  orifices  of  constant  feed  oil  cups,  as  on 
the  cylinders  and  bearings  of  engines.  The  reason  for  this  is 
that  it  will  not  flow  through  small  holes,  even  when  mixed  with 
very  thin  oil ;  and  the  very  cooling  of  a  bearing  will  cause  the 
graphite,  mixed  with  oil,  to  clog  up  the  oil  hole  to  an  extent  that 
may  not  be  remedied  by  the  reheating  of  the  bearing,  after  the 
stoppage  of  the  lubricant.  On  the  same  account,  it  is  essential 
that  the  diameter  of  the  oil  conduit  to  any  moving  part  be  as- 
certained to  be  of  suitable  shape  and  proportions  before  the  use 
of  any  solid  lubricant  is  attempted. 

The  Tests  and  Qualities  of  Lubricating:  Oils. — It  is  per- 
fectly possible  to  use  an  oil  having  a  fire  test  at  the  point  already 
mentioned  in  a  gas  engine  cylinder  whose  temperature  at  ex- 
plosion is  nearly  four  times  greater,  because  with  a  properly  ad- 
justed water  circulation  the  burning  and  carbonization  of  the  oil 
is  constantly  prevented.  The  heat-absorbing  action  of  the  jacket 
water  is  also  efficient  in  retaining  at  the  required  point  the  vis- 
cosity of  the  oil— which  is  to  say,  the  quality  of  dripping  at  a 
certain  ascertained  rate  through  a  narrow  aperture  under  press- 
ure. This  quality  virtually  refers  to  the  thinness  of  the  oil.  A 
well-known  manufacturer  of  lubricating  oik  for  gas  engine  cylin- 
ders well  states  the  ideal  qualities  to  be  sought,  as  follows: 
"There  is  no  danger  of  this  oil  burning  or  smoking  in  the  cylin- 
der and  thus  causing  a  carbonaceous  deposit,  which  so  seriously 
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interferes  with  the  proper  running  of  the  engine.  We  have  re- 
peatedly known  of  this  oil,  when  put  into  a  cylinder  which  had 
not  been  properly  cleaned,  cutting  out  the  carbonaceous  matter 
that  had  accumulated  from  the  use  of  an  inferior  oil,  after  which 
the  cylinder  would  remain  clean  and  polished  by  the  action  of 
the  oil  alone."  Combined  with  these  ideal  elements,  the  claim  is 
made  that  this  particular  variety  of  oil  has  a  very  low  "cold 
test,"  with  the  very  necessary  insurance  against  congealing,  and 
consequent  delay  and  inconvenience  in  starting  the  engine.  Its 
resistance  to  heat  is  also  placed  at  such  a  figure  that  it  will  not 
become  unusually  thin  as  will  some  qualities  of  oil,  the  reason 
being  that  its  viscosity  is  maintained  at  the  desired  point. 

In  choosing  lubricants  for  any  of  the  moving  parts  of  a  self- 
propelled  road  vehicle  it  is  especially  essential  to  see  that  the 
quality  of  resisting  temperatures,  both  high  and  low,  without 
change  of  useful  consistency,  should  be  present.  An  oil  that  will 
congeal  at  ordinary  low  temperatures,  or  become  thin  at  ordi- 
nary high  temperatures,  is,  of  course,  entirely  unsuitable  for  this 
purpose.  Furthermore,  the  quality  of  flowing  freely  from  well- 
adjusted  oil  cups  should  be  assured,  since  the  high  speed  of  auto- 
mobile engines  engendering  a  constant  vibration,  affecting  more 
or  less  the  adjustment,  involves  that  the  oil  supplied  should  be  a 
subject  of  constant  solicitude.  To  state  the  matter  in  a  few 
words,  all  competent  authorities  seem  to  agree  that  the  condi- 
tions of  automobile  operation  require  the  use  of  mineral  oils  on 
all  moving  parts  and  the  avoidance  of  any  mixture  with  animal 
or  vegetable  oils,  which,  although  frequently  used  in  stationary 
engines,  cannot  but  result  in  inconvenience,  not  to  say  disaster, 
in  automobile  practice. 

Since  most  manufacturers  of  motors  and  vehicles  furnish  mod- 
erately full  directions  for  dealing  with  the  question  of  lubrication, 
many  of  them  offering  for  sale  brands  of  oil  which  have  been 
carefully  tested  by  themselves,  it  will  be  hardly  necessary  to  add 
more  to  the  principles  already  laid  down.  If  the  automobile 
driver  constantly  bears  in  mind  the  fact  that  an  oil  suitable  for 
one  portion  of  his  machinery  is  not  of  necessity  suitable  for  every 
other,  and  will  observe  the  conditions  essential  to  maintaining 
the  oil  used  at  its  proper  consistency,  he  will  have  little  trouble 
upon  this  score. 


CHAPTER   FORTY-FOUR. 

HINTS    ON    STEAM    VEHICLE    OPERATION. 

PUIinsr  the  Boiler  of  a  Steam  Carriage.— The  first  essential 
operation  in  starting  the  steam  carriage  is  to  fill  the  fuel  and 
water  tank,  which  act  must  be  accomplished  by  hand  in  the  ab- 
sence of  boiler  steam  to  do  the  work  automatically.  The  water 
tank  may  be  filled  either  by  means  of  flexible  pails,  such  as  is 
shown  in  Fig.  189,  or  else  by  an  ordinary  hose.  The  boiler  may 
be  filled  in  either  one  of  two  ways :  An  ordinary  garden  hose  may 
be  coupled  to  the  blow-off  valve  and  water  injected  until,  as 
shown  by  the  water  glass,  the  desired  level  has  been  reached — 
this  level  is  usually  about  two-thirds  up  the  glass— or,  under  cer- 
tain conditions,  it  is  possible  to  fill  the  boiler  from  the  tank  be- 
fore the  steam  has  been  produced,  by  jacking  up  the  rear  wheels 
and  allowing  water  to  syphon  in  by  causing  the  pump  valves  to 
operate  automatically.  This  is  obviously  the  least  convenient 
way  of  accomplishing  the  result,  and  would  hardly  be  attempted 
in  any  carriage  equipped  with  an  auxiliary  hand-pump.  The 
owner  of  a  steam  carriage  will  speedily  find  the  most  convenient 
method  of  filling  his  boiler,  since  it  is  a  practice  which  must  be 
performed  daily,  on  account  of  the  necessity  of  blowing  off  the 
boiler  after  each  day's  work,  in  order  to  prevent  the  accumula- 
lation  of  incrustations  and  the  corrosion  due  to  the  harmful 
chemicals  held  in  solution  in  the  water.  As  cannot  be  too 
strongly  emphasized,  there  is  no  greater  source  of  injury  to  a 
boiler  than  allowing  the  water  to  stand  in  it  for  any  unnecessary 
period  after  the  fire  is  extinguished.  The  numerous  corrosive 
substances  held  in  solution  speedily  eat  out  and  destroy  the 
boiler  metal,  while  the  crust-forming  sediments  produce  scale  de- 
posits impervious  to  heat,  which  eventually  cause  overheating  of 
the  metal  and  burning  out,  with  all  its  attendant  dangers  and  in- 
conveniences. 

Blowing  Off  the  Boiler.— The  operation  of  "blowing  off*'  the 
boiler  is  a  simple  one,  but  certain  conditions  must  always  be 
observed. 

m 


608  SELF-PROPELLED   VEHICLES. 

In  the  first  place,  the  valve  controlling  the  fuel  supply  to  the 
burner  should  be  shut  off,  thus  extinguishing  the  fire. 

Second,  the  blow-off  valve,  situated  at  the  base  of  the  boiler, 
and  opened  and  closed  by  a  cock,  should  be  opened,  allowing  the 
water  to  be  ejected  under  pressure  of  the  steam. 

Third,  the  valve  leading  from  the  water  tank  should  be  closed, 
thus  shutting  off  further  supply. 

Fourth,  the  drip  cocks  should  be  opened,  allowing  the  residue 
of  moisture  to  escape,  and  the  boiler  allowed  to  cool  and  dry. 

Fifth,  no  cold  water,  either  for  feed  or  for  cleaning,  should  be 
introduced  into  the  boiler  until  it  is  perfectly  cool.  Not  to 
observe  this  rule  involves  cracking  or  uneven  contraction  of 
plates  or  tubes  and  may  cause  leaking. 

In  preparing  to  start  the  carriage  again,  feed  water  is  either  in- 
jected into  the  blow-off  valve  through  a  hose,  or  fed  into  it  with 
the  auxiliary  hand  pump,  such  as  is  provided  in  most  up-to-date 
steam  carriages. 

Filling:  the  Gasoline  Tank :  Quality  of  Gasoline.— The  next 
essential  act  in  preparing  a  carriage  for  running  is  to  fill  the 
gasoline  tank.  This  operation  must  be  preceded  by  closing  all 
valves  leading  to  the  burner.  The  gasoline  is  poured  into  the 
tank  through  a  funnel  after  the  cover  cap  has  been  removed.  The 
tank  should  never  be  filled  higher  than  a  level  between  two  and 
three  inches  below  the  top,  in  order  to  allow  space  for  air  press- 
ure, which  is  used  to  force  the  gasoline  into  the  tubes  leading  to 
the  burner.  After  the  tank  has  been  filled  to  the  proper  height, 
the  cap  should  be  screwed  tightly  upon  its  nipple  in  order  to 
prevent  the  escape  of  the  compressed  air,  or  the  evaporation  of 
gasoline.  The  only  precaution  necessary  to  observe  in  filling 
the  fuel  tank  is  to  avoid  smoking,  or  the  proximity  of  any  fire, 
for  although  gasoline  is  safer  than  kerosene,  from  the  fact  that  it 
will  not  explode  in  a  closed  vessel,  it  is  many  times  more  inflam- 
mable, and  if  once  ignited  will  burn  so  fiercely  that  great  damage 
may  be  done  before  the  flame  can  be  extinguished.  The  quality 
of  gasoline  most  generally  employed  for  the  burners  of  steam 
carriages  has  a  specific  gravity  of  76**,  and  is  known  to  the  trade 
as  "stove  gasoline."  There  are  numerous  forms  of  petroleum 
spirit,  known,  respectively,  as  gasoline,  naphtha,  benzine  and 
benzolene,  and  the  like,  but  these  differ  among  themselves  prin- 
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cipally  in  point  of  specific  gravity.  It  is  particularly  desirable  to 
avoid  the  use  of  any  sort  of  deodorized  naphtha  spirit,  such  as 
is  sold  under  various  names  for  many  different  purposes,  such  as 
cleaning  clothes,  since  the  deodorization  is  effected  by  the  use  of 
chemical  substances,  which  will  prove  harmful  in  clogging  the 
needle  valve  and  burner  openings.  Any  kind  of  pure  mineral 
spirit,  known  as  naphtha,  gasoline,  benzine,  etc.,  is  perfectly  suit- 
able for  use  in  a  carriage  burner,  but  those  having  specific  gravi- 
ties much  below  74**  or  76**  require  considerably  more  heat  to  va- 
porize them,  and  hence  represent  a  lower  percentage  of  effi- 
ciency. 

Starting:  and  Running:  the  Engine. — In  starting  the  engine, 
it  is  desirable  to  observe  several  conditions.  After  the  steam 
has  reached  100  pounds  pressure,  as  shown  by  the  gauge,  it 
should  be  slowly  admitted  to  the  cylinder,  in  order  to  allow  the 
parts  to  become  thoroughly  warmed  before  opening  the  valves 
full.  Many  steam  carriage  engine  cylinders  are  equipped  with 
automatic  relief  cocks,  which  eject  the  condensed  steam  formed 
in  the  cylinders  at  this  time ;  others  have  hand  cocks  attached  to 
the  cylinders  for  the  purpose  of  draining  off  any  condensation 
in  the  same  way.  It  is  exceedingly  essential  that  there  should 
be  no  water  in  the  cylinders,  but  since  most  steam  carriage  en- 
gines are  equipped  with  drain  cocks,  automatic  or  otherwise,  it 
is  not  necessary  to  worry  about  this  condition,  or  to  attempt  to 
remedy  it,  unless  special  and  explicit  directions  are  furnished  by 
competent  authorities  on  the  particular  engine  in  use.  The 
presence  of  water  in  the  cylinder  may  be  recognized  by  the  fa- 
miliar clicking,  or  pounding,  produced  in  running  the  engine. 

As  already  stated,  it  is  particularly  necessary  to  observe  the 
water  level  in  the  boiler,  as  shown  by  the  water  glass.  To  fa- 
cilitate this,  small  mirrors  are  placed  on  the  inside  of  the  dash- 
board of  most  steam  carriages  so  that  the  driver  may  constantly 
inform  himself  on  this  point.  In  order  to  judge  whether  the 
glass  is  recording  correctly  or  not,  the  driver  may  either  test  by 
the  try-cocks,  or  judge  of  the  work  done  by  the  engine  on  a 
level  road,  as  compared  with  the  work  it  should  do  with  the 
steam  pressure  recorded  in  the  gauge.  The  water  level  will,  of 
course,  sink  below  the  normal  point  in  ascending  a  steep  hill,  on 
account  of  the  unusual  draft  of  steam  required.    The  engine  will 
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also  operate  at  slower  speed,  according  to  the  grade.  But  if  the 
speed  at  full  steam  falls  very  much  on  the  level,  with  a  good  road 
surface,  it  is  evident  that  too  much  or  too  little  water  is  being 
fed  to  the  boiler,  either  condition  involving  dangers  already  ex- 
plained. When  the  water  is  at  too  low  a  level,  the  pressure  re- 
corded in  the  gauge  will  be  altogether  higher  than  that  required 
to  operate  the  engine  under  usual  conditions.  As  shown  in  a 
table  on  page  271,  the  pressure  of  steam  invariably  corresponds 
to  a  definite  temperature.  Consequently,  when  the  temperature 
has  risen  above  a  safe  point,  it  is  very  certain  that  the  boiler  is 
overheated.  This  fact  may  be  readily  verified  by  testing  with  the 
try-cocks,  and  when  proved,  the  auxiliary  hand-pump  should  be 
operated  or  the  by-pass  valv6  closed,  if  the  latter  has  been 
opened. 

Causes  of  Lost  Efficiency. — Among  other  causes  of  ineffi- 
ciency in  a  steam  engine,  such  as  occur  under  ordinary  condi- 
tions, we  may  mention  the  wearing  of  the  valves  and  of  the 
piston  rod  packing.  The  wearing  of  the  valves  will,  of  course, 
tend  to  very  great  waste  of  steam,  and  will  eventually  render  the 
engine  inoperative.  It  is  necessary  to  employ  the  services  of  a 
skilled  machinist  to  remedy  any  trouble  with  the  valves,  since  it 
is  a  delicate  and  complicated  matter,  which  cannot  be  treated  in 
mere  descriptions  and  directions.  One  of  the  most  familiar 
symptoms  of  valve  trouble  is  pounding  in  the  cylinder.  The 
fibre  packing  in  the  stuffing  boxes  is  frequently  liable  to  be  worn 
and  rendered  useless  by  the  constant  friction  of  the  piston  rod 
working  at  high  speed.  Such  packing  is  formed  of  specially  pre- 
pared vegetable  fibre,  generally  mixed  with  some  graphite 
preparation,  and  may  be  readily  renewed  after  a  little  practice 
and  observation.  Contrary  to  the  opinions  of  many  persons,  as- 
bestos is  a  very  inappropriate  substance  for  the  packing  of  a 
stuffing  box,  since  the  steam  and  condensed  water  have  a 
tendency  to  cut  and  finally  destroy  this  substance. 

A  leaky  stuffing  box — which  is  to  say,  one  that  allows  steam 
to  escape  from  the  cylinder — is  caused  by  wearing  down  of  the 
fibre  packing.  The  difficulty  may  be  overcome  in  some  cases  by 
simply  tightening  the  nut,  or  screws,  holding  the  gland  in  place. 
In  doing  this  care  should  be  taken  that  the  pressure  is  no  greater 
than  is  just  sufficient  to  prevent  leaking.    In  some  cases,  the 
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inner  surface  of  the  packing  wad  has  become  charred  by  the 
action  of  the  steam,  in  which  case  it  may  be  simply  turned  over, 
putting  what  was  the  inner  face  against  the  gland,  so  as  to  give  a 
fresh  surface  to  the  steam.  When  new  packing  is  inserted,  or  old 
packing  turned,  the  inside  of  the  stuffing  box  should  be  wiped 
dry  and  thoroughly  oiled. 

Economizing:  Steam  by  Varying:  the  Cut-Off. — The  driver 
of  a  steam  carriage  very  soon  acquires  the  idea  that  it  is  both 
possible  and  desirable  to  economize  steam  in  certain  cases  by 
manipulation  of  the  throttle  valve  or  reverse  lever.  While  this 
matter  has  already  been  discussed  at  some  length,  it  may  be  in 
place  to  remark  here  that  it  is  possible  with  the  observance  of 
the  principles  previously  laid  down  to  vary  the  quantity  of  the 
steam  used,  and  also  the  events  in  the  engine  cycle,  by  a  proper 
handling  of  the  reverse  lever.  By  moving  the  lever  from  the 
position  of  full  gear  toward  mid-gear,  the  lead  of  the  valve,  and, 
consequently,  the  point  of  cut-ofT,  may  be  varied  so  as  to  shorten 
it  from,  say,  the  normal  position  of  three-quarters  or  seven- 
eighths  stroke  to  one-quarter  or  even  less.  This  hastening  of  the 
cut-ofT  is,  of  course,  accompanied  by  a  consequent  loss  of  avail- 
able energy,  and  can  be  practically  employed  only  on  the  best 
roadways.  Several  practical  steam  carriage  drivers,  who  have 
experimented  extensively  with  this  method  of  varying  the  steam 
inlet,  have  expressed  the  opinion  that  a  cut-ofT  at  one-half  stroke 
is  the  practical  limit  for  a  light  carriage  engine.  In  ascending 
hills,  of  course,  the  full  power  of  the  steam  must  be  used  as  near 
as  possible  throughout  the  stroke,  or  else  the  carriage  will  be 
unable  to  make  the  grade  at  anything  like  a  reasonable  speed. 

Points  on  Pump  Operation  and  Water  Supply. — Among 
the  numerous  other  causes  of  ineffective  operation  may  be  men- 
tioned the  failure  of  the  pump  to  supply  sufficient  water  to  the 
boiler  and  failure  of  the  burner  to  supply  sufficient  heat  to  keep 
up  steam.  Where  an  auxiliary  steam  pump  is  employed,  be- 
tween the  tank  and  the  boiler,  the  deficiency  of  the  regular  pump 
may  be  readily  compensated.  When  no  such  pumps  are  em- 
ployed, it  is,  of  course,  impracticable  to  maintain  the  proper  sup- 
ply. It  is  then  necessary  to  inquire  into  the  cause  of  inactivity 
in  the  plunger-pump. 
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(i)  The  cock  between  the  water  tank  and  pump  may  be  closed, 
or  clogged. 

(2)  The  strainer  at  the  water  tank  may  be  clogged  with  im- 
purities. 

(3)  The  packing  of  the  plunger  may  be  loosened. 

(4)  The  pump  may  be  air-bound.  In  this  case  the  by-pass 
valve  should  be  opened,  allowing  the  air  to  escape  into  the  water 
tank.  When  this  is  accomplished,  it  should  be  again  closed,  and 
the  pump  will  be  found  to  work  without  trouble. 

(5)  The  check  valves  may  be  clogged  with  impurities  and  need 
cleaning,  in  which  case  they  may  be  readily  removed — ^the  cock 
to  the  tank  having  first  been  closed — and  any  sediment  or  im- 
purities cleaned  out. 

There  are  several  other  possible  causes  of  ineffective  operation 
of  the  plunger-pump,  due  to  lost  motion  and  other  mechanical 
troubles,  which  a  skilled  engineer  can  readily  detect  by  jacking 
up  the  rear  wheels  of  the  wagon  and  observing  the  pump  in  op- 
eration. 

Troubles  with  the  Burner. — The  most  familiar  cause  of  in- 
sufficient heating  of  the  burner  is  low  air  pressure  in  the  gasoline 
tank.  This  may  be  readily  remedied  by  operating  the  air  pump 
until  the  air  pressure  gauge  shows  the  normal  35  to  50  pounds. 
If  the  trouble  is  not  due  to  this  cause,  it  probably  results  from 
impurities  in  the  atomizing  nozzle  leading  into  the  mixing  tube 
of  the  burner,  or  to  sediment  collected  in  the  gauze  screens 
placed  in  the  supply  pipes  between  the  gasoline  tank  and  the 
regulator.  The  atomizing  nozzle  may  be  readily  cleaned  with  a 
piece  of  fine  wire.  The  gauze  screens  must  be  removed  from 
their  designated  positions  in  the  tubes  and  suitably  cleaned  or 
new  ones  substituted  in  their  place.  With  the  use  of  a  good 
quality  of  gasoline,  and  the  maintenance  of  the  necessary  air 
pressure,  there  is  no  particular  reason  for  either  clogging  of  the 
nozzle  or  of  the  gauze  screens. 

In  case  of  burning  back  in  the  burner,  the  fire  should  be  im- 
mediately extinguished  by  closing  the  gasoline  supply  valve  and 
waiting  several  minutes  before  relighting,  in  order  that  the  gas 
within  the  burner  may  have  been  thoroughly  exhausted.  Burn- 
ing back  is  generally  caused  by  an  excessive  down-draft  on  the 
burner. 


CHAPTER   FORTY-FIVE. 

HINTS   ON  THE  CARE  AND   OPERATION   OF  A   GASOLINE 

VEHICLE. 

Water  and  Gasoline  Supply. — ^The  first  consideration  pre- 
vious to  starting  a  motor  carriage  is  to  see  that  the  water  and 
gasoline  tanks  are  properly  filled ;  indeed,  it  is  a  good  practice  to 
make  it  a  habit  to  test  both  tanks  on  each  occasion  of  preparing 
for  a  run.  Some  motor  carriages  have  glass  gauge  tubes  fixed 
to  the  fuel  and  water  tanks,  somewhat  after  the  manner  of  the 
water  glasses  used  on  steam  boilers,  so  that  the  level  of  the 
liquids  in  both  cases  may  be  determined  at  a  glance.  In  others, 
where  this  convenience  is  not  included,  it  is  a  simple  matter  to 
test  the  level  by  inserting  a  stick  in  the  filling  hole  and  noting 
the  height  to  which  the  liquid  rises  on  it.  This  may  be  done 
with  gasoline,  as  well  as  with  water,  if  the  stick  is  withdrawn 
quickly  from  the  liquid  and  examined  before  evaporation  takes 
place. 

Lubrication. — ^The  first  important  consideration  involved  in 
preparing  a  carriage  for  a  run  is  to  see  that  the  moving  parts  are 
properly  lubricated.  Every  carriage  or  motor  is  sold  with  di- 
rections for  providing  for  this  necessity,  the  rate  of  oil  consump- 
tion and  the  quantity  being  specifically  designated.  The  princi- 
pal parts  which  it  is  particularly  necessary  to  keep  thoroughly 
oiled  are  the  cylinder  pistons,  the  bearings  of  the  crank  shafts 
and  fly-wheels,  the  differential  gear  drum  and  the  change  speed 
gearing. 

Since  on  most  well-built  motors  and  carriages  the  moving 
parts  are  supplied  with  lubricating  oil  by  means  of  sight  feed  oil 
cups,  of  familiar  design,  it  is  necessary  to  do  no  more  than  to 
see  that  the  required  level  of  oil  is  always  maintained.  As  speci- 
fied by  many  motor  carriage  authorities,  it  is  desirable  to  thor- 
oughly examine  and  replenish  the  oil  supply  in  the  adjustable 
feed  cups  at  the  end  of  about  every  thirty  miles  of  run.  An- 
other consideration  of  importance  in  this  particular  is  that  before 
replenishing  the  supply  of  oil  to  such  parts  as  the  crank  case 
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or  the  differential  gear,  the  old  lubricant  should  be  thoroughly 
evacuated  by  means  of  the  vent  cocks  supplied  in  each  case.  The 
reason  for  this  is  that,  after  a  run  of  from  twenty  to  thirty  miles, 
the  oil  in  the  moving  parts  is  apt  to  be  largely  contaminated  with 
dust  and  other  impurities,  which  tend  to  interfere  with  its  useful- 
ness as  a  lubricant. 

General  Directions  for  Starting:  the  floton — When  all  rea- 
sonable preparations  have  been  made,  and  it  is  evident  that  the 
motor  and  running  parts  are  in  working  order,  the  next  im- 
portant step  is  to  open  the  cock  leading  from  the  gasoline  tank 
to  the  carburetter,  and  also  to  close  the  sparking  circuit  by 
means  of  the  designated  switch,  or  plug,  provided  for  tliat  pur- 
pose. The  method  of  starting  is  by  turning  a  handle  on  the  crank 
shaft,  as  already  mentioned,  until  the  engine  has  taken  up  its 
cycle  and  proceeds  to  run  by  the  force  of  the  explosions  pro- 
duced within  the  cylinder.  As  a  usual  thing,  it  is  necessary  to 
turn  the  crank  through  no  more  than  two  complete  revolutions ; 
but  if  the  motor  fails  to  operate  at  that  point,  and  cannot  be 
readily  started,  the  fault  usually  lies  either  in  a  defective  fuel  mix- 
ture or  else  in  some  derangement  of  the  sparking  circuit.  As  a 
matter  of  fact,  the  former  course,  particularly  when  the  fuel  mix- 
ture is  too  rich,  is  liable  to  interfere  with  the  sparking  apparatus, 
by  short-circuiting  the  plug.  In  many  motors,  however,  the 
difficulty  may  be  remedied  by  squirting  a  small  amount  of  gaso- 
line through  the  compression  tap,  after  which  the  motor  will 
probably  operate  without  trouble. 

Failure  of  the  Motor  to  Operate. — In  a  large  number  of 
cases  when  the  motor  fails  to  start,  or  stops  or  slows  down  from 
no  other  assignable  cause,  it  is  probable  that  the  trouble  lies  in 
some  disarrangement  of  the  electrical  sparking  circuit  or  attach- 
ments. If  a  jump-spark  is  used,  it  is  probable  that  the  plug  has 
become  short-circuited  through  either  a  deposit  of  carbonized 
particles  between  the  sparking  points,  which  defect  frequently 
follows  the  use  of  too  rich  a  fuel  mixture,  or  else  that  the  insula- 
tion has  been  broken  down  and  that  a  path  is  provided  for  the 
electrical  current  between  the  two  conducting  portions  of  the 
plug.  If  the  former  defect  has  occurred,  the  sparking  plug  may 
be  unscrewed  from  the  combustion  chamber  and  the  condition 
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may  be  readily  detected.  This  carbon  deposit  may  be  readily  re- 
moved by  rubbing  the  points  with  a  piece  of  light  emery  paper 
until  the  bright  surface  of  the  metal  is  again  visible.  Care  should 
be  taken,  however,  by  non-practiced  hands,  lest  the  metal  be  un- 
duly worn  in  the  operation.  The  sparking  points  of  a  jump-spark 
plug  should  always  be  mounted  at  a  fixed  distance  of  not  more 
than  one  twenty-fifth  of  an  inch,  which  is  approximately  equal  to 
the  thickness  of  an  average  heavy  business  card.  If,  on  the  other 
hand,  the  plug  has  become  disabled  by  a  short-circuit  through 
the  body  below  the  sparking  points,  it  is  practically  useless,  and 
it  is  unnecessary  for  the  driver  to  attempt  to  repair  the  injury. 
The  reason  of  this  is  that  such  a  condition  of  short-circuiting 
is  due  to  the  fact  that  the  insulation  has  been  burned  out,  or  that 
foreign  substances  have  been  deposited  in  such  a  manner  as  to 
leave  a  path  for  the  electrical  current. 

Failure  of  the  engine  to  operate  properly  may  be  readily 
traced  to  the  sparking  circuit  by  unscrewing  the  tap  of  the  peep- 
hole, or  the  disconnecting  inlet  valve  case,  according  to  the  kind 
of  motor  that  is  used,  and  observing  the  intensity  and  quality 
of  the  spark,  if  any  occurs,  by  continuing  to  turn  the  crank  used 
for  starting  the  motor. 

Troubles  with  the  Is^nition  Circuit. — Troubles  with  the  ig- 
nition circuit,  however,  may  be  due  to  derangements  at  some 
point  other  than  the  sparking  plug,  and  before  removing  the  plug 
and  substituting  a  new  one  it  is  desirable  to  see  that  all  the  other 
parts  of  the  circuit  are  in  proper  working  condition.  Among 
other  things  that  should  be  carefully  provided  for,  the  driver 
should  see  that :  (i)  Insulation  of  the  lead  wires  is  perfect  at  all 
points  and  that  short-circuiting  does  not  occur  through  contact 
with  any  of  the  metal  parts  of  the  vehicle  or  motor ;  (2)  the  ter- 
minals of  all  lead  wires  should  be  tightly  screwed  under  binding 
post ;  (3)  the  contact-breaking  trembler  should  be  adjusted  so  as 
to  operate  properly,  which  means  that  all  screws  and  attachments 
should  be  kept  securely  tight;  (4)  the  battery  should  be  tested 
occasionally  in  order  to  ascertain  whether  it  is  giving  the  full 
amount  of  current.  Most  of  the  chemical  batteries  used  in  the 
sparking  gas  engines  may  be  relied  upon  to  give  the  required 
current  for  a  certain  definite  period ;  therefore,  unless  'some  de- 
fect in  circuit  has  caused  unusual  waste  of  electrical  energy',  or 
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an  unusually  long  continued  operation  of  the  vehicle  has  practi- 
cally exhausted  it  for  the  time  being,  it  is  safe  to  conclude  that 
the  trouble  is  at  some  other  point.  A  battery  may  be  easily  tested 
by  the  use  of  the  ordinary  pocket  gauge,  which  may  be  obtained 
from  any  electrical  supply  house,  and  when  it  is  desired  to  make  a 
test  the  gauge  may  be  readily  connected  to  the  terminals  of  the 
battery  and  will  register  the  output  with  sufficient  accuracy  for 
all  practical  purposes.  In  making  such  a  test,  however,  it  is  de- 
sirable to  continue  it  no  longer  than  is  absolutely  necessary  to 
read  the  ^auge  record,  since  the  operation  means  a  short-circuit- 
ing of  the  battery,  which  will  prove  fatal  to  any  chemical  cell  if 
long  continued.  Where  chemical  cells  are  used,  it  is  a  compara- 
tively simple  matter  to  carry  several  extra  cells  in  the  vehicle  in 
order  to  be  able  to  make  substitution  in  case  of  suspected  diffi- 
culty with  the  battery. 

Starting  the  Carriage. — When  the  motor  is  running  properly 
and  the  driver  wishes  to  start  the  carriage,  the  first  operation  is 
to  throw  on  the  clutch  with  the  speed  adjusted  to  low  gear ;  this 
is  very  essential  in  order  that  the  start  should  not  be  too  sudden, 
which  would  result  in  discomfort  to  the  occupants  of  the  car- 
riage and  strain  on  the  parts.  After  the  carriage  has  once  fairly 
started,  the  second  speed  may  be  thrown  in  as  soon  as  desired. 
It  is  very  essential,  however,  particularly  for  an  unskilled  driver, 
to  recognize  the  fact  that  with  any  variety  of  change  speed  gear- 
ing, the  changing  of  speed  ratios  must  always  be  preceded  by 
throwing  out  the  main  clutch.  In  changing  from  a  lower  to  a 
higher  speed,  it  is  important  that  the  operation  should  be  per- 
formed on  as  level  a  roadway  as  possible  and  should  be  consum- 
mated before  the  carriage  has  lost  its  momentum.  On  the  other 
hand,  in  changing  from  a  high  speed  to  a  lower  one,  it  is  ex- 
ceedingly desirable,  if  not  imperative,  that  the  momentum  of  the 
carriage  should  be  allowed  to  fall  as  near  as  possible  to  the  de- 
sired speed  before  the  new  gear  is  thrown  in.  Hill-climbing  is 
invariably  performed  with  a  low  gear,  but  it  is  well  to  observe 
the  rule  that  the  higher  speed  should  be  used  until  the  travel  of 
the  carriage  has  fallen  considerably,  and  the  motor  shows  signs 
of  laboring ;  it  is  then  the  time  to  throw  in  the  low  speed,  which 
relieves  the  motor  of  any  undue  strain,  and  enables  the  hill  to  be 
climbed  without  injury  to  the  moving  parts. 
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Working  the  Carriage  on  Down  Grades. — In  descending 
grades  many  drivers  indulge  in  the  sport  of  coasting,  which  is 
very  delightful,  but  somewhat  dangerous  with  heavy-weight  cars, 
and  an  inexperienced  driver  should  be  particularly  careful  in  per- 
forming this  feat,  since  it  has  frequently  happened  that  a  heavy 
car  has  become  unmanageable  on  a  steep  grade,  the  steering  ap- 
paratus failing  to  act,  with  the  result  that  a  serious  accident  oc- 
curs. In  coasting  the  clutch  is  thrown  out  and  the  carriage  al- 
lowed to  move  down  the  grade  under  its  own  momentum.  With 
a  large  majority  of  gasoline  carriages,  however,  as  already  noted 
in  connection  with  the  De  Dion,  it  is  possible,  if  not  desirable,  to 
leave  the  motor  in  gear  with  the  driving  connections  and  by  in- 
terrupting the  sparking  circuit,  allow  it  to  act  as  a  buffing  brake 
to  maintain  the  speed  within  safe  limits.  In  coasting  down  a  hill 
a  driver  should  always  observe  the  precaution  of  keeping  his 
foot  or  hand,  as  the  case  may  be,  on  the  connections  of  the  brak- 
ing lever,  in  order  that  the  speed  of  the  carriage  may  be  checked 
at  any  desired  point.  It  is  always  well  to  keep  the  hand  on  the 
braking  connections  in  any  such  position,  until  sufficient  experi- 
ence in  running  the  carriage  has  been  obtained  to  enable  risks 
to  be  incurred  with  impunity. 

In  descending  a  very  steep  grade  the  operator  should  never 
allow  his  vehicle  to  attain  a  high  speed.  If  the  motor  is  left  in 
gear  with  the  sparking  circuit  interrupted,  as  already  mentioned, 
the  low  gear  of  the  speed  changer  should  be  used,  but  the  retard- 
ing effect  of  the  piston  compression  should  be  assisted  by  slight 
pressure  upon  the  emergency  brakes.  If  the  brakes  fail  to  work 
properly,  in  order  to  restrain  the  speed  before  it  reaches  an  un- 
manageable point,  the  high  gear  should  be  thrown  in,  which  will 
materially  assist  the  effort  of  the  brakes,  unless  the  latter  are 
completely  disabled. 

Turning  Corners  and  Side  Slipping.— There  are  several 
other  conditions  met  with  in  ordinary  travel  which  should  be 
rigidly  observed.  The  first  of  these  relates  to  the  necessary  op- 
erations performed  in  turning  corners.  Any  turns,  except  those 
of  the  longest  radius,  should  be  made  on  low  gear.  If  a  sudden 
turn  is  to  be  made,  as  in  rounding  a  street  corner,  the  best  prac- 
tice, when  moving  at  a  high  speed  straight  ahead,  is  either  to 
throw  out  the  main  clutch  and  allow  the  vehicle  to  turn  with  its 
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own  momentum,  or  to  retard  the  spark  by  means  of  the  properly 
designated  connections  to  hand,  in  order  that  the  carriage  may 
not  race  around  the  corner,  with  the  very  probable  result  of  in- 
curring injury  or  accident,  particularly  on  a  wet  or  greasy  street, 
where  the  wheels  are  liable  to  slip  sideways,  when  turning  at  the 
high  speed,  with  the  result  in  frequent  instances  of  seriously 
damaging  the  running  gear.  Also,  if  too  short  a  turn  is  made, 
the  carriage  will  have  a  tendency  to  swing  bodily,  and  may  even 
go  so  far  as  to  turn  completely  around  in  an  opposite  direction. 
This  will  not,  however,  cause  a  well-built  vehicle  to  capsize, 
owing  to  the  properly  adjusted  centre  of  gravity,  but,  particu- 
larly with  heavy  cars,  it  is  exceedingly  liable  to  break  an  axle  or 
rend  a  tire.  Should  this  accident  occur  under  these  conditions, 
the  main  clutch  should  be  immediately  thrown  out,  and  the 
steering  wheels  held  strongly  in  the  direction  in  which  it  is  de- 
sired to  travel.  On  no  account  should  the  brakes  be  applied  ex- 
cept as  a  last  resort.  Even  then,  it  is  a  questionable  procedure, 
and  one  liable  to  disarrange  the  steering,  rather  than  check  the 
undesired  motion. 

Common  Causes  of  Failure  to  Operate. — In  addition  to  the 
causes  already  enumerated  for  the  failure  of  the  motor  to  start 
or  run  properly,  we  may  mention  several  other  conditions  which 
will  produce  the  same  result.  These  are :  (i)  an  imperfect  com- 
bustion, owing  to  a  bad  fuel  mixture ;  (2)  imperfect  compression, 
owing  to  leaks  in  the  cylinder  or  to  defective  valves ;  (3)  dirt  or 
water  in  the  carburetter. 

Troubles  with  the  Sparking  Apparatus. — In  case  the  driver 
suspects  that  the  failure  of  the  motor  to  operate  is  due  to  some 
trouble  with  the  sparking  apparatus,  producing  imperfect  com- 
bustion, he  may  readily  verify  his  suspicions  by  advancing  the 
spark.  As  stated  by  a  well-known  authority  on  motor  vehicle 
operation :  "If  the  motor  does  not  miss  with  the  spark  advanced, 
you  may  rest  assured  that  the  trembler  needs  adjustment;  if,  on 
the  other  hand,  varying  the  position  of  the  spark  lever  does  not 
alter  the  condition  of  thinpfs,  then  there  must  be  either  a  wire 
loose,  or  the  gasoline  mixture  must  be  at  fault.  To  adjust  the 
mixture  move  the  gas  lever  back  and  forth.  If  the  engine  sticks, 
it  means,  you  may  rest  assured,  that  there  is  a  wire  loose  or  a 
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short-circuit  somewhere.  Go  over  the  wiring  carefully  and  see 
that  the  same  is  properly  fastened  to  the  sparking  plug  and  to 
the  battery  terminals.  If  the  trouble  still  continues,  there  must 
be  a  short-circuit."  This  short-circuiting  is  probably  due  to 
breaking  down  of  the  insulation  in  the  sparking  plug  or  to  a  col- 
lection of  carbonaceous  material  between  the  sparking  points. 

Troubles  Due  to  Breakage  or  Wear. — In  case  the  motor 
suddenly  ceases  to  run,  there  are  three  common  causes  to  which 
the  trouble  may  be  attributed:  (i)  Breakage  of  the  exhaust 
valve ;  (2)  sticking  or  breaking  of  the  inlet  valve ;  (3)  short-cir- 
cuiting of  the  sparking  plug.  The  trouble  due  to  either  of  the 
first  two  of  these  causes  may  be  readily  discovered  by  turning 
the  starting  handle,  and  finding  no  resistance  or  compression, 
such  as  should  normally  be  encountered. 

In  case  the  exhaust  valve  should  be  found  broken,  it  is  neces- 
sary to  insert  a  new  valve  in  the  seat,  being  careful  to  see  that 
all  reciprocating  parts  are  properly  adjusted  and  of  the  right 
length  to  interact.  The  sticking  of  the  inlet  valve  may  be  caused 
by  excessive  heat  or  a  catching  of  the  spring,  although  either  of 
these  troubles  is  rare.  If  the  valve  or  its  spindle  be  broken,  the 
only  thing  to  be  done  is  to  replace  it. 

Causes  of  Imperfect  Combustion. — There  are  several  causes 
to  which  imperfect  combustion  may  be  attributed :  (i)  the  valve 
may  be  pitted  or  clogged ;  (2)  a  leak  may  have  occurred  around 
the  thread  of  the  sparking  plug ;  (3)  a  compression  tap  may  be 
loose  or  leaking;  (4)  the  piston  rings  may  be  clogged  or  stuffed; 
(5)  the  piston  rings  may  work  around,  so  that  the  spaces  between 
their  ends  get  in  line;  (6)  the  gasket  of  the  sparking  plug  may 
be  broken;  (7)  the  inlet  valve  spring  may  be  too  weak,  which 
fault  accounts  for  an  occasional  popping  noise  in  the  carburetter. 

The  first  difficulty  may  be  overcome  by  grinding  the  valve, 
which,  however,  is  an  operation  just  as  well  left  to  skilled  ma- 
chinists. 

Any  leak  that  may  be  discovered  around  the  thread  of  the 
sparking  plug  may  be  readily  remedied  by  screwing  the  plug 
home.  Troubles  with  the  piston  rings  may  be  remedied  by  re- 
moving the  piston  from  the  cylinder  occasionally  and  thoroughly 
cleaning  it.    Where  the  rings  are  found  to  work  around  the'cylin- 
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der,  the  piston  must  be  taken  out  and  the  rings  placed  in  their 
proper  relative  positions.  Any  trouble  with  the  spring  of  the 
inlet  valve  may  be  remedied  by  substituting  a  new  spring. 

The  matter  of  dirt  or  water  in  the  carburetter  is  a  serious  one 
in  motor  vehicle  management.  Water  in  the  carburetter  neces- 
sarily results  from  vaporizing  of  the  gasoline.  Since  this  liquid 
always  contains  certain  portions  of  water,  it  is  necessary  to  peri- 
odically drain  the  carburetter  and  remove  it,  as  well  as  any  other 
waste  materials  that  may  happen  to  be  present. 


Non-Preezins^  Water  Jacket  Solutions  — According  to  popu- 
lar opinion,  largely  borne  out  in  practice,  it  is  difficult  to  operate 
a  gasoline  vehicle  in  winter  time,  owing  to  the  freezing  of  the 
jacket  water,  or  to  excessive  cooling  of  the  cylinder.  In  this 
belief  several  manufacturers  of  vehicles  propelled  by  air-cooled 
motors  advertise  their  respective  products  as  "The  only  service- 
able winter  vehicle."  While  it  is  undoubtedly  difficult  to  obtain 
good  results  from  a  gasoline  vehicle  in  attempting  to  start  in 
cold  weather,  it  is  possible  to  largely  neutralize  the  difficulties 
due  to  the  freezing  of  the  jacket  water  by  mixing  certain  chemi- 
cals in  the  water.  As  already  stated,  various  authorities  recom- 
mend a  solution  of  equal  parts,  by  weight,  of  water  and  glycer- 
ine; others,  a  saturated  solution  of  chemically  pure  calcium 
chloride  mixed  with  equal  parts  of  water,  by  measure.  As  al- 
ready stated  on  page  369,  any  motorist  attempting  to  use  the 
latter  solution  should  carefully  avoid  substituting  the  so-called 
chloride  of  lime  for  the  desired  calcium  chloride.  Another  solu- 
tion, which  is  recommended  by  other  authorities,  should  consist 
of  a  mixture  of  water  and  glycerine,  the  latter  being  about  30 
per  cent,  of  the  former  by  weight,  and  adding  to  this  mixture  two 
parts,  by  weight,  of  carbonate  of  soda.  This  liquid  should  be 
entirely  drawn  off  and  removed  once  a  month. 

Another  trouble  encountered  in  running  a  gasoline  vehicle  in 
cold  weather  is  the  difficulty  of  properly  vaporizing  the  fuel.  This 
condition  may  be  largely  neutralized  by  properly  heating  the  car- 
buretter in  the  manner  provided,  as  we  have  seen  in  a  number 
of  typical  instances.  At  all  times  heating  materially  assists  the 
process  of  vaporizing. 
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PROPERTIES  OF  SATURATED   STEAM. 


Absolute 

Temperature 

Heat  units, 

Latent  heat 

Density  or 

pressure 

in 

from  zero, 

in 

weight  of 

per  sq.  in. 

degrees. 

per  lb. 

degrees. 

one  cubic  ft. 

Lbs. 

Fahr. 

Fahr. 

Lbs. 

I 

102. 1 

1145 

1042.9 

.0030 

2 

126.3 

1152.5 

1025.8 

.0058 

3 

141 .6 

11^7.1 

1015 

.0085 

4 

153.1 

1160.6 

1006.8 

.0112 

162.3 

1 163.4 

1000.3 

.0138 

6 

170.2 

1165.8 

994.7 

.0163 

7 

176.9 

1167.9 

990 

.0189 

8 

182.9 

1169.7 

985.7 

.0214' 

9 

188.3 

1171.4 

981.9 

.0239 

lo 

193.3 

1172.9 

978.4 

.0264 

ZI 

197.8 

1174.2 

975.2 

.0289 

12 

202 

1175.5 

972.2 

.0314 

13 

205.9 

1176.7 

969.4 

.0338 

14 

209.6 

1177.9 

966.8 

.0362 

14.7 

212 

1178.6 

965.2 

.0380 

15 

213.1 

1178.9 

964.3 

.0387 

16 

216.3 

1179.9 

962.1 

.0411 

n 

219.6 

1 180.9 

959.8 

.0435 

z8 

222.4 

1181.8 

957.7 

.0459 
.0483 

19 

225.3 

1182.6 

955.7    . 

20 

228 

1183.5 

952.8 

.0507 

21 

230.6 

1184.2 

951.3 

.0531 

22 

2331 

1185 

949.9 

.0555 

23 

235.5 

1185.7 

948.5 

24 

237.8 

1186.5 

946.9 

.060Z 

25 

240.1 

1 187. 1 

945.3 

.0625 

26 

242.3 

1187.8 

943.7 

.0650 

*z 

244.4 

1188.5 

942.2 

.0673 

28 

246.4 

1189 

940.8 

.0696 

29 

248.4 

1189.7 

939.4 

.0719 

30 

250.4 

1190.3 

937.9 

.0743 

31 

252.2 

1190.8 

936.7 

.0766 

32 

254.1 

1191.4 

935.3 

.0789 
.0812 

33 

255.9 

1191.9 

934 

34 

257.6 

1 192.5 

932.8 

.0835 

35 

259.3 

1193 

931.6 

.0858 

36 

260.9 

1193.5 

930.5 

.0881 

37 

262.0 

1194 

929.3 

.0905 

38 

264.2 

1194.5 

928.2 

.0929 

39 

265.8 

1195 

927.1 

.0952 

40. 

267.3 

"954 

926 

.0974 

41 

268.7 

1195.9 

924.9 

.0996 

42 

270.2 

1 196.3 

923.9 

.1020 

43 

271.6 

1196.7 

922.9 

.1042 
.Z065 

44 

273 

1197.2 

921.9 

^5 

274.4 
275.8 

1197.6 

920.9 

.1089 

46 

1198 

919.9 

•IIXX 
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PROPERTIES  OF  SATURATED 

STEAM  (continued). 

Absolute 

Tcmperat'rc 

Heat  nnits 

Latent  heat. 

Density  or 

pressure 

in 

from  zero, 

in 

weight  of 

persq.  yi. 

degrees. 

per  lb. 

des^rees. 

one  cubic  ft. 

Lbs. 

Fahr. 

Fahr, 

Lbs. 

47 

277.1 

1 198.4 

919 

."33 

48 

278.4 

119S.8 

918.1 

.1156 

49 

279.7 

1199.2 

917.2 

.1179 

50 

2S1 

1199.6 

916.3 

.1202 

51 

2S2.3 

1200 

915.4 

.1246 

52 

2S3.5 

1200.4 

9i4t5 

53 

2S4.7 

1200.7 

9»3-6 

.1269 

54 

2S5.9 

1201.1 

912.8 

.1291 

^ 

2S7.1 

1201.4 

912 

.1314 

56 

2SS.2 

I20I.8 

911.2 

.1336 

^2 

289.3 

I202.I 

910.4 

.1364 

58 

290.4 

1202.5 

909.6 

►1380 

59 

291.6 

I202.$ 

908.8 

.1403 

60 

292.7 

1203.2 

908 

►1425 

4i 

293.8 

1203.5 

907.2 

.1447 

62 

294.8 

1203.8 

906.4 

.1469 

63 

2959 

1204. 1 

905.6 

►1493 

64 

296.9 

1204.5 

9049 

►1516 

65 

298 

1204.8 

904.2 

►1538 

66 

299 

iio5.i 

903.5 

►1560 

67 

300 

1205.4 

902.8 

►1583 

68 

300.9 

1205.7 

902.1 

.1605 

«9 

301.9 

1206 

9014 

,1627 

70 

302.9 

1206.3 

900.8 

.1648 

71 

303.9 

1206.6 

^:i 

.1670 

72 

304-8 

1206.9 

.1692 

73 

305.7 

1 207. 1 

898.9 

.1714 

74 

306.6 

1207.4 

898.2 

.1736 

7§ 

307.5 

1207.7 

897.5 

.I7'^9 

76 

308.4 

1208 

896.8 

.1782 

77 

309.3 

120S.2 

896.1 

.1804 

78 

310.2 

1208.5 

895.5 

.1826 

79 

311. 1 

1208.8 

894.9 

.1848 

80 

312 

1209 

894.3 

.1869 

81 

312.8 

12093 

893.7 

.1891 

82 

313.6 

1209.6 

893.1 

.1913 

83 

314.5 

1209.8 

892.5 

.1935 

84 

315.3 

1210 

892 

■19^7 

l\ 

316.1 

1210.3 

891.4 

.1980 

86 

316.9 

1210.6 

890.8 

»2002 

% 

317.8 

1210.8 

890.2 

»2024 

3x8.6 

1211 

889.6 

►2044 

89 

319.4 

1211.3 

889 

.2067 

90 

320.2 

1211.6 

888.5 

.2089 

91 

321 

1211.8 

887.9 

.2111 

9» 

321.7 

1212 

887.3 

2133 

93 

322.5 

1212.3 

886:8 

2155 
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PROPERTIES    OF   SATURATED  STEAM    {continued). 


Absolute 

Temperat're 

Heat  units, 

Latent  heat    Density  or 

pressure 

111 

from  zero, 

in 

weight  of 

per  sq.  in. 

degrees. 

per  lb. 

degrees. 

one  cubic  ft. 

Lbs. 

Fahr. 

Fahr. 

Lbs. 

94 

323.3 

1212.5 

886.3 

.217^ 

^9 

324.1 

1212.7 

885.8 

.2198 

96 

324.8 

1213 

125.2 

.2219 

97 

325.6 

1213.2 

884.6 

.2241 

98 

326.3 

1213.4 

884.1 

.2263 

99 

327.1 

1213.6 

883.6 

.2285 

ICO 

327.9 

1213.8 

883.1 

.2307 

lot 

328.5 

1214 

832.6 

.2329 

102 

329.1 

1214.3 

882.1 

.2351 

103 

329.9 

1214.5 

881.6 

.2373 

104 

330.6 

1214.7 

88r.r 

.2393 

105 

331.3 

J214.9 

880.7 

.2414 

106 

331.9 

1215.1 

880.2 

.2435 

107 

332.6 

1215.3 

879.7 

.2456 

108 

333.3 

1215.6 

879.2 

.2477 

109 

334^ 

1215.8 

878.7 

.2499 

110 

334.6 

1216 

878.3 

.2521 

III 

335.3 

1216.2 

877.8 

.2543 

112 

336 

1216.4 

877.3 

.2564 

"3 

336.7 

12T6.6 

876.8 

.2586 

1*4 

337.4 

1216.8 

876.3 

.2607 

"5 

338 

1217 

875.9 

.2628 

116 

338.6 

1217.2 

875.5 

.2649 

117 

339.3 

1217.4 

?75 

.2652 

iiS 

339.9 

1217.6 

874.5 

.2674 

119 

340.5 

I2I7.8 

874.1 

.2696 

I?0 

341.1 

I2I7.9 

873.7 

.2738 

121 

341.8 

I218.I 

§73.2 

.2759 

122 

342.4 

I2I8.3 

872.8 

.2780 

"3 

343 

1 218.5 

872.3 

.2801 

124 

343.6 

1218.7 

871.9 

.2822 

125 

344:2 

1218.9 

871.5 

.2845 

126 

344.8 

I2I9.I 

871.1 

.2867 

127 

345.4 

1219.3 

870.7 

.2889 

128 

346 

1219.4 

870.2 

.2911 

129 

346.6 

1219.6 

869.8 

.2933 

130 

347.2 

I2I9.8 

869.4 

•2955 

131 

347.8 

1220 

869 

.2977 

132 

348.3 

1220.2 

868.6 

.2999 

133 

348.9 

1220.4 

868.2 

.3026 

134 

349.5 

1220.5 

867.8 

.3040 

135 

350. 1 

1220.7 

867.4 

.3060 

»36 

350.6 

1220.9 

«67 

.3080 

137 

351.2 

1221 

866.6 

.3101 

138 

351.8 

1221.2 

866.2 

.3121 

139 

352.4 

1221.4 

865.8 

.3142 

140 

352.9 

I22I.5 

865.4 

.3162 
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PROPERTIES   OF   SATURATED   STEAM  {continued). 


Absolute 

Temperature 

Heat  units 

Latent  heat. 

Density  or 

pressure 

• 

in 

'  from  zero. 

in 

weight  of 

per  sq.  iu. 

degrees. 

•  • 

per  lb. 

degrees: 

one  cubic  ft. 

Lbs. 

rahr. 

Fahr. 

Lbs. 

141 

353.5 

1221.7 

865 

.3184 

142 

3S4 

1221.9 

864.6 

.3206 

143 

354.5 

1222 

864.2 

.3228 

144 

355 

1222.2 

863.9 

.3250 

?45 

355.6 

1222.4 

5f3-5 

.3273 

X46 

356.1 

1222.5 

863.1 

.3294 

147 

356.7 

1222.7 

862.7 

.3315 

148 

357.2 

1222.9 

862.3 

.3356 

149 

357.8 

1223 

861.9 

.335/ 

150 

358.3 

1223.2 

861.5 

.3377 

155 

301 

1224 

859.7 

.3484 

160 

fal-^ 

1224.8 

!57-9 

.3590 

165 

1225.5 

856.2 

.3695 
.37^ 

170 

368.2 

T226.2 

854.5 

'Z5 

37o.a 

1226.9 

852.9 

.3809 

]8o 

372.9 

1227.7 

851.3 

.4009 

185 

375.3 

1228.3 

sr 

.4117 

190 

377.5 

1229 

.4222 

195 

379.7 

1229.7 

846.5 

.4327 

200 

381. 1 

1230.3 

845  . 

.4431 
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TfMefor  CaletUating  the  Cmnpreuion  Fremure  and  Temperature  o/aCros  Engi 
A  B  C  D  E  F  G 


3. 

.4771213 

50. 

4:407 

4.204 

146. 8n 

i42:i3 

3.05 

.48429-8 

48.78 

4.506 

i.358 

147.74 

142.88 

3.1 

.4913617 

47.62 

4.600 

4.452 

148.68 

143.02 

3.15 

.4983106 

46.51 

4.707 

4.547 

149.42 

144.:% 

3.2 

.5«>515 

45.45 

4.808 

4.643 

150.25 

145.10 

3.J5 

.5118834 

44.44 

4.910 

4.739 

151.06 

145.82 

3.3 

.5185139 

43.48 

5.011 

4.835 

151.87 

140.53 

3.35 

.5250448 

42.6^ 

5.115 

4.931' 

152.67 

147.23 

3.4 

.5314789 

41.66 

6,217 

5.030 

153.47 

147.93 

3.45 

.W78191 

40.82 

5.322 

5.128 

154.23 

148. 6:^ 

3.5 

.644068 

40. 

5.420 

5.220 

155.03 

149.32 

3.55 

.5502284 

39.22 

6.531 

5.325 

155.80 

150. 

3.0 

.5563025 

38.46 

5.637 

5.424 

156.57 

150.66 

3.65 

.0622929 

37.74 

5.742 

6.524 

157.32 

151.3:^ 

3.7 

.6682017 

.V.04 

5.84S 

5.024 

158.08 

151.99 

3:75 

.5740313 

36.36 

6.956 

5.724 

158.82 

152.65 

3.8 

.6797536 

35.71 

6.064 

5.825 

169.50 

153.30 

3.65 

.5854607 

35.09 

6. 17  J 

6.927 

160.29 

163.94 

3.9 

.5910646 

MAS 

6.280 

6.029 

161.02 

154.57 

3.95 

.59tt59;i 

33.9 

6.389 

6.131 

161.73 

155.21 

4. 

.00206  : 

a3.a3 

0.408 

6.2:« 

162.45 

165.83 

4.1 

.6I27&')9 

32.2<J 

0.71S 

6.440 

163.80 

157.07 

4.2 

.6232493 

31.25 

0.940 

6.648 

166.25 

158.28 

4.3. 

.a^3♦«»85 

30.3v 

7.164 

6.858 

166.62 

159.48 

4.4 

.6434527 

29.41 

7.:i90 

7.069 

167.96 

100.66 

4.5 

.6532125 

28.57 

7.618 

7.282 

169.29 

101.82 

4.6 

.6627578 

27.77 

7.847 

7.496 

170.59 

102.90 

4.7 

.6720979 

27.03 

8.078 

7.712 

171.88 

164.09 

4.8 

.6812412 

20.32 

8.3L1 

7.929 

173.16 

106.20 

4.9 

'.fiOOlOtU 

25.04 

8.546 

8.148 

174.41 

166.29 

5. 

'.60807  I 

25.  t 

8.783 

8.308 

175.64 

167.37. 

5.1 

.7075702 

24,39 

9.020 

8.590 

176.87 

108.43 

5.2 

.7100033 

23.81 

9.260 

8.813 

178.07 

169.48 

6.3 

.7242759 

23.25 

9.501 

9.0:^7 

179.20 

170.52 

6.4 

.7323938 

22.73 

9.744 

9.263 

180.44 

in  .64 

5.5 

.7403627 

22.22 

9.988 

9.490 

181.60 

1>2.55 

5.6 

.748188 

21.74 

10.234 

9:719 

182.75 

173.65 

5.8 

11763428 

20.83 

10,73 

10.180 

185.01 

175.60 

6. 

'.7781513 

20. 

11.233 

10.646 

187.22 

177.42 

Column  A  prives  the  compression  ratio  of  the  cylinder;  column  B  the  logarithm  of  the 
compression  ratio;  column  C  the  per  cent.  o*f  clearance  corresponding  to  any  given 
coniprcKsion  ratio. 

Column  D  Kivo«  the  figures  for  the  compression  pressure  corresponding  to  a  theoretical 
one-pound  initial  pressure.  The  figures  in  this  column,  corresponding  to  any  given  com- 
pression ratio,  if  multiplied  bj^the  initial  pressure  in  that  cylinder  (14.7  minus  resistant 
Ktrcngtlxof  inlet  valvespring),  will  give  the  proper-compression  pressure  correspond- 
ing to  the  initial  pressure  for  that  cylinder,  ■  _ 

Similarly,  column  E  gives  the  compre^-Kion  pressure  corresponding  to  a  theoretical  one- 
pound  initial  pressure  for  a  scavenging  cylinder,  whose  proper  compression  pressure 
may  be  found  by  multiplying  by  the  initial  pressure. 

CohunnH  F  and  G  give  the  compre5ision  temperature  for  a  plain  and  a  scavenging  cylinder, 
r«»Kpcctlvely,  corre8|K>nding  to  a  theoretical  100-degree  absolute  initial  temperature. 
The  proper' compression  temperature  for  a  cylinder  of  given  per  cent,  clearance  and 
compression  ratio  may  be  found  by  multiplying  the  figures  in  either  of  these  columns 
by  yjin  of  tlie  ascertained  absolu»e'compres«»ion  temperature  in  the  plain  or  the  scay- 
ehgiiig  c-yjindcr  in  question.    Table  from  Potrer. 
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Ackerman  stnil  steering  axle,  S6-41. 

Air  feed  pumps,  22 < -231. 

Alarms*  low  water,  158-159. 

Ampere,   the,   542. 

Ampere-second,  542. 

Angle  Iron  underframes,  68. 

Angles  of  steering,  46,  47,  62,  68. 

Aikiusou's  gas  engine,  367,  375. 

"Auto"  carburetter,  419-421. 

Automobile,  the  word,  1. 

Automatic  yalves.  224-227. 

Axles,  steering,  Ackerman's  stnd,  86-41. 

Daimler,   40. 

Durjrea,  38. 

Haynee-Apperson,  89. 

Loomls,    44. 

Panhard,  48. 

Rlker,  42. 

BafDe  plates,  171. 

Bailey  pneumatic  tire,  115. 

Balance    gears,    24-34    (see    differential 

gears). 
Ball  bearings,  597,  596. 

limitations  of,  599-600. 
Band  brakes,  operation  of,  691. 
B.  &  P.  pneumatic  tire,  117. 
Bearings,  rotative,  balls  and  rollers,  597, 
698-699. 

conditions  of  using,  599-601. 

overcoming  friction  by,  597-599. 

superiority   to   plain    bearings,   597. 

theory  of,  597-598. 

uses  of,  w7. 
Bell   transmission,    Daimler,   452-454,   476, 

482,  483,  485. 
itens  motor,  9. 

carriage,  438,  491. 

ignition  circuit,  438,  440-443. 

muffler.  Ills.,  374. 
Blow  off  cock  of  steam  boilers,  154. 
Boiler,  steam,   baffle  plute,  171. 

De  Dion,   181,   194-195. 

feed  injector,  212-213,  214,  215. 

feed   pumps,   214  217,   221-224.   227-231. 

flues,  166-167,  168-171.  172,  173-175. 

"Llfu"   water  lube.  196-198. 

attachments  of,  155-166. 

blow  off  cock  of,  154. 

blowing  off,  607-608. 

circulation  In  water  tube,  177,  179, 
180.  182,  184,  186.  188.  189.  197.  198. 

computing  capacity  of,  150. 

excessive  pressure  in,  161-163. 

feeders  for.  212-231. 

filling   of,    607. 

"flash  boiler."  200-211. 

generation  of  steam  In,  151.  152. 
eating  surface  of,  166-168. 
Incrustation  in,  607. 
power  capacity  of,  148-149. 
riveting  plates  of,  153. 
sectional   construction  in,  178-182. 
securing  flues  of,  153. 
steel  or  copper  flue.  168-171. 
theory  and  construction  of,  147-154. 
varieties  of.  154. 
water  level  In.  607. 
water  tube,  176-199. 
water  tube,  advantages  of,  176-183. 
Boyle's   Law  of  Gases,  262,  345-350. 


Brakes  for  road  wheelSf  590-696. 

care  of,  596. 

constricting  band.  692,  593,  596. 

constricting  effort  in,  590. 

diameter  of  drum  of,  591. 

drum  and  band,  590. 

expanding  band.  596.  596. 

formula  for  acting  distance.  594. 

formula  for  required  pull,  595. 

formula  for  resistance  to.  592-593. 

principle  of  torque  in,  591. 

requirements  in,  590. 

shoe,  590. 

varieties  of.  596. 
Burner,  coll  vaporiser  for,  252-254. 

for   volatile  fuels,  233-249. 

fuel  regulators  for,  238.  239.  240.  241- 
244. 

fasoline,  240-249. 
crosene,  233-240. 
"torch"  igniter,  249-252. 
troubles   with,   612. 
vaporised  fuel,  247,  248,  234,  235,  236, 
249-266. 
Burning-back,   cause  and  effect  of,   246. 
612. 


Calorific  value  of  volatile   fuels,  392-395. 
Carburetters,  332.  337,  33S,  406-423. 
"Auto,"   419-421. 

Daimler,  407-409,  411,  413-414,  415,  421. 
Dalmler-Maybach,    410,    413-414. 
De  Dion,  338,  415,  416,  423. 
Duryea,  414-416. 
Huzelstein,  417-419. 
James,  418.  419. 
Longuemare,   410-411. 
Maybach,   408-410,   415. 
Peugeot.  412. 
troubles   with,    421-422. 
types  of,  338.  339,  406-407. 
C.  E.  M.  P.,  543,  561.  567. 
Charron  carriage,  330,  490. 
Church's  steam  carriage,  16-18. 
Circulation  In  water  tube  stenm  boilers, 
177,   179,    180,   182,   184,   186,    188,   189,   197, 
198. 
Coll  vaporisers.  252-264. 
Combination      gasoline      and      electric 

vehicles.  537.  564-565. 
Compensating  gears,  24-34  (see  differen- 
tial gears). 
Controller,  electric  circuit,  575-576. 

varieties  of,   575-576. 
Coulomb,  The,  542. 
Counter  electromotive  force,  643. 
Creeping  of  pneumatic  tires,  127-120. 
Crossley's   gas    engine,    357.    358,    381-3S2. 

384. 
Cugnot's  automobile,  7-8,  21. 
Cut  off,  steam  engine,  269,  270,  283,  2  4- 
285. 
varying  point  of.  285,  297,  309,  310, 
311,  317.  611. 
Cycle  of  gas  engines,  333,  334-336,  335-337, 
372.   378-380. 
of  steam  engines,  268,  269.  270,  271. 
272,  275. 

Daimler,  Gottlieb,  vlU,  8,  407. 
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SELF-PROPELLED   VEHICLES, 


Daimler,  axle,  steering,  40. 

belt   trausmissi.n.    4&2-454,   476.    482, 

483,  485. 
carburetter,  407-408,  410,  413-414,  416. 

421. 
earrlag[e8,  408,  413,  462,  453.  454,  4-8- 

459,  475-492,  482-485,  486,  488,  490,  491, 

492. 
differential   gear,   34. 
gasoline    engine.    339,    842,    846,    348, 

868,  476,  476.  477.  478.  481,  489,  493. 
gear,  tmnsmlsalon,  466.  468-460,  492. 

governor,   342,    476-477,   479,    480. 
ot  tabe  ignition,  389. 

piston  air  valye,  477,  478-480. 

reversing  gear,  458,  468,  468. 

speed-changing,   452-464,   468-469,   492. 

V-sUaped   engine,   477,  478,   479,  481, 
489. 
Dalmler-Maybach    carburetter,    410;   418- 

414. 
Daniell  ceil,  543. 
Darracq  carriage,  464. 

reversing  gear,  454-466. 
"Dayton"  electric  Ignition,  431,  446,  447, 

448.   449,  460. 
De  DIon-Bouton,  9. 

boiler.  181.  194-196. 

carburetter.  388.  416.  416.  423. 

carriage,  67,  89.  90.  91.  133.  337.  416, 
486.  440,  471-473^1,  493-601. 

gasoline  motor,  337,  352,  433,  493,  494, 
496.  496.  600.  601,  503. 

Jointed  axle,  90. 

Jump-sparic  circuit,  433,  436,  486-440. 

operating  system.  496-601. 

reversing  gear,  473. 

speed-ctianglng  device,   471-478. 

steering  gear,  60,  89. 

underframe.   67. 
Didier   speed-ctianglng   device,    461-463. 
Diesel  gas  engine,  339.  375,  424-426,  427. 

Ignition  method,  424,  427. 
Differential  gears,  24-34. 

bevel,  27,  28. 

Brown-LIpe,  29,  80. 

Daimler,  34. 

for  tricycles,  26. 

Rllcer's  bub.  32. 

spur.  28  31. 

Thorny  croft' 8.  33. 

universal  loint,  31. 
Drum  brake,  diameter  of.  691. 
Dunlop  pneumatic  tire,  120,  128,  141. 
Duryea,   Charles   E.,   73.   79,   98,   99,   860, 
363. 

axle,  steering,  38. 

brake,  expanding  band,  596. 

carburetter,   414-416. 

carriage,  2,  38.  70-72.  74,  434,  466-471, 
503-510. 

chain,   self-oiling  driving.   609. 

gasoline  carriages,  2.  60,  63,  71,  360. 
506-510. 

gasoline  engines,  360,  387,  503-506. 

governor,  504-506. 

pneumatic    tire    experiments,    135- 
139. 

reversing  gear,  470-471. 

self-oiling  drive  chain.  609. 

single  lever  control,  507-510. 

speed-changing    device.    466-471. 

Bteerlng  pivots,  38.  76. 

three-wheeler.   70.   73,   74,   75-76. 
Dyke  carriage,  437,  530-536. 


Dynamo-electrical  generator,  4S1,  446, 
447,  448,  449,  460,  638,  646^46,  564, 
666. 

armature   of,   648,    660,    662-663,    566. 
666,  667. 

armature  core,  662. 

armature,  polarisation  of,  666-557. 

brushes  of,  649.  560,  6G5. 

commutator  of,  660.  66S-664. 

field  magnets  of.  560. 

operation  of,  640-660,  66&-66S. 

pole  pieces  of.  660. 

varieties  of,  55L 
Driving  axle,  Thomycroft,  SS. 

Electrical  activity,  688.  646. 
back  pressure,  648. 
circuit.  Ohm's  law  of,  544-645. 
condenser,  638. 
current,  638,  548. 
dynamos  and  motors,  648. 
Ignition,  339-340,  429,  436,  431-466. 
Induction.  64&«47. 
motor,  advantages  of.  69. 

and    dynamo    comparison    of, 

armature  of,  669,  661. 
attachments  of.  662,  664. 
speed  and  torque  of.  562-663^ 
varying  speed  of,  666-676. 
potential,  ^S. 
pressure,  642-643. 
quantity,  642. 
resistance,  642. 
storage  battery,  664,  666u 
transmission,  KS. 
units,  639-540. 
Electricity,  as  a  force,  638. 

compared  to  heat,  638.  639. 
Electric  motor,  field  magnets  of,  66L 
Lundell,  669.  660. 
operative  principle  of,  667-658. 
Electric  vehicles.   637;   639,   644,   664,  560. 
666,  667,  576,  679. 
circuit  changing  in,  667^74. 
controller,  676-676. 
Electromoblle,  2. 
Electromotive  force  (E.  M.  F.).  638,  543. 

644,   662,   666,  668. 
Engine,  steam,   preparing  to  start,   603- 

610. 
Expansion  of  steam,  262-266,  268,  270,  271, 
272,  283-286,  286. 

Feeders  for  steam   boilers.   212-231. 
Feed   regulators  for  volatile  fuels,  238, 

239.  240.  241-244.  262.  2.3. 
Field  tube  boilers,  183-184. 
Fire  engines,   self-propelled,  326-329. 
Flash  "boilers,"  9,  200-211. 

Hay  thorn  Joints  for,  209.  21L 

operation    of.    200,    203,    204-206.    207. 
208-209,  210-211. 

Rowe  tubes  for.  209.  211. 

Serpollets,  200-203,  209,  832. 

varieties  of.  204-211. 
Flues,   boiler,  166-17L 

copper,  superiority  of,  168-171. 

heating  surface  increased  by,   166- 
167. 

number  of,  167.  172,  173-176. 
Fore-carrlagcs,  21,  68,  69. 
Fuel  feed  pump,  221-224. 

regulators,  238,  239.  240.  241-244. 

Fuels,  hydrocarbon,  liquid  or  volatile,  7, 

232  236,  239,  240,  332,  834.  335. 
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reed  regulutorH,  2^,  Z39.  240,  J41-X44, 

(or  BBS  eUKlues.  232-233,  239.  3S2. 
3M.  SK,  ass,  340,  344-M9.  364-356. 
3Uf,   36S-360,   370-373,   392-396,  4U«-421, 

Tsporlilng  nod  bprDlng  af,  234,  236, 
^237,  S3B-Z40,    246,   247-249, 

C.  &  J.  pueumatLc  tire.  U9,  139  140. 
Uai  enclue.   adTHalages  or,   331-332. 

AlklDwiu.  367.  gib,  378-379,  390,  391, 
3M. 

■■BiiBato."   390. 


Oamlitit  carriage  leontinved). 

HajneB-Apperson,  39,  Kl   434,  i 

610-613. 
Hertel,   36. 


B-cle 
almt 

Dlercl 


ElorDBby-A 

426^«7. 
bent  and  power  loi 


ol  charge   In,   3^,   370^, 


Knoi,   73.  75, 


35,  iS,  ET,  466,  466-46B.  474, 


484,   48^432. 
I'eerleiB,  114,   K26-630. 
Peugeot,   4S1,    4ST,   491. 


'3*9,*4^,''i7fi, 


600,   601. 

Cullure  to  operate,  614-616. 

Imperlect  combujtion.  619-620. 

alurllDK,  614. 
Gaeollne  Icedlng  pump.   ZS6-2S8. 

quality  o(.   used.  608. 

luuk,  Illllag  of.  »». 
Gauge  E'Bss,  cbeck   i 


"iud 


nation  8 


roublcB 


,    16e-15S. 


Oauge,  a  team.   169-161. 

Uuplei  Bteaui  and  air.  1G2. 

Tarleliea  of.    1E9-160. 
Cor  Lussuc's  Law  of  Oaaes.  266. 


337,    373,    SlS-^sa. 
aperntlve  pdnelplea.  331-406. 

parts  of.'  337-343.  3*6. 

piston,   333.    336.   340.    341.   342-343. 

SI  mm  a,    366. 

theory   or,   332-334. 

St.  I»llls,  519.  BZO. 

volatile    fuels    for.    232-233,    2XL   332. 


dy  Da  mo-elect  rloB  I.   431, 

449,  460. 
Holtier- Cabot     magaeti 


Sliuma-BoBCh    magneto.   444.    446-460. 
Goodyear   pneumalle    tire.    122.    141142. 
GoTetDor.    Daimler.   342.  476-477.   479,   460. 

for  gas  engines,  341-342,  4^477,  479. 
480.    481,    504-666.    611.    514-516,    522. 


624. 
Hnynea-App 


I.  524, 


.'eugeol,  481. 

Wliiton.  613.  WlnCon   pneamatk.  614-516. 

Oases.   Boyle'a  law  uf.  262.  346-350.  Orapblte.  610, 

Cny  t.uaaai-'s  law  of,  26G.  aa  a  lubricant.   G06. 

Joule'a  law  of.  268.  Grappler  pneumntlc  tire,  121. 

presBurc   and   volume   of.   262,  346-      Ourney'i  steam  carriage,  lu-13. 

360. 

temperature    and    volume    or.  266.      Hancock's  Steam  carriage.  13-16. 

266-W?.   346.   362-354.  Harnea-ApperBOD  aile.  39. 

GBBolhie  biirDeTB.  240-243.  earrlnge,   39,  99.   431.   461-466.  G10613. 

Gasoline  cnrrlnge,  Bern,  438,  491.  issollne  enj(lne,  610-611. 

breakage  and    wear  Id,   619.  governor,  611. 

Charron.  330,  490.  reversing  gear.  «4.  466. 

Daimler,   408.   413.   462,   463,   464,  4ES-  speed-chanKlng  device.    464-466. 

469,    474-492,    482  486,    486,    488.  490.       Hnythorn  Joints  for  flaeb   "boilers."  209. 

491.  492.  211. 

narranj.  464.  Heating   surrace    of    ateam    boilers,    166- 

De  Dion.  67.  89.  90.  91.  133.  337,  416.  168. 

436.    440,    471-473.    491.    493-601.  Uornsby-Akrnvd  gas  engine,  339,  367,  363. 

directions  for  starting,  616,  fll,    425-427. 

Ditrvea.   2.   38,   60.   63,   70-72,   74,  360.  metbod   of  Ignition.  426. 

434,  460-471,  603-610.  Hone-power.   Id   steam  englnea.  273-Z7E, 

Dyke,  437,   630-636.  llprtel  carriage,  36. 


SELF-PROPELLED    VEHICLES. 


Hot  tube  ignitton,   Daimler,  389. 
iiurtu  electric  currluge.  b6. 
liuzelstein  carburetter,    4i/-419. 
Hydrocarbon,  fuels,  232-233,  2^9,  332,  334, 
335. 

Ignition,  339-340. 

Bens  circuit,  438,  440-443. 

circuit,    troubles   with,   615-616,   618- 
619. 

Dayton   electric,    431,    446,   447,    448, 
4^     450 

De  Dion/ 438,  485,  4S6-440. 

Diesel  method,  424,  427. 

electrical,  339-340,  429,  430,  431-460. 

Hornsby-Akroyd    method,    425. 

hot  head,  339,  426-427. 

hot  tube,  338,  426,  427,  428-431. 

Otto  method,  427,  428. 

results  of,  370-384. 
Indicator,   steam  engine,  264.  266. 
Injector,  boiler  feeding,  212-218,  214,  216. 

James  carburetter,  418,  419. 

steam  carriage,  17. 
Jointed  axle,  De  Dion,  90. 
Joule's  Law  of  Gases,  268. 
Jump-spark    circuit,    De    Dion,   433,    435, 
436-440. 

Kalnz  gas  engine,  367. 
Kerosene  burners,  233-240. 

Llfu.  236. 

Louguemare,  233-235. 
Knox  carriage,  73.  75. 

gasoline  engine,   366,   367. 

Lap  and  lead,  of  steam  valves,  277-279, 

281,   282,   283.   285. 
Leclnuche  cell,  543. 
Leverage,   balance  of,   37. 
Llfu  compound  steam  engine,  823-325. 

kerosene  burner,  236. 

water  tube  boiler,  196-198. 

wheel  for  truck,  110. 
Link    motion.    Stephenson.    279-283,    285, 

290,   293,   295,   299,    317,   323. 
Locomobile,   the  word,  1. 
Locomobile  steam  carriage,  64,  157,   166- 

168.   174.   287,  288,   289-292. 
Locomotives,     construction    of     wheels, 
44-45. 

varieties  of.  6.  20. 
Louguemare  carburetter.   410-411. 

kerosene  burner,  233-235. 
Loomis  steering  axle.  44. 
Low    water   alarms,   158-159. 
Lubricants,    603-606. 

feed  cups  for,  604. 

for  gas  engine  cylinders,   603-604. 

graphite,  its  use  as.  606. 

qualities  essential  In,  606. 

superiority  of  mineral.  604. 

tests  and   qualities  of,  605-606 
Lussac's  Law  of  Gases,  265. 

McKay  steam  carriage,  66.  212,  316-320. 

underframe.   66. 
Magnet.  538. 

production  of,  547. 

properties  of,  547-548. 
Magneto-electrical    generators,    431,    441, 
443-450.  503. 

"American."   443. 

HoItEer-("abot,   440,   442.   511. 

Simms-Bosch,  444,  446-450. 


Magnetic  field,  565. 

distortion  of,  566-657. 
Induction,  548,  666. 
Magnetism,    residual,   562,   666. 
aaicheiln  pneumatic  tire,  118,   189,   140. 
Miner's  inch,  542. 
Montanban-Marchandier,  speed -chanslns 

device,  469,  4WM61. 
Mors'  carriage,  83,  491. 
Motor  wheels,  23. 
Muffler,  Bens,  374. 
Multiple  circuit,  543,  566. 
Munger  pneumatic  tire,  128,  142. 

Ohm's  law,  644-646. 
Oil  feed  cups,  604. 
Oils,    organic,    useless   for   automobiles, 

604. 
Operating    carriages,    De    Dion    system, 

495-501. 
Otto,   Dr.   N.   A.,   his  gas  engine   cycle, 
333,  834-335,  372,  W), 
gas  engine,  339,  427. 
method  of  Ignition,  427,  428. 

Packard  carriage,  622-625. 

governor,  522.  624. 
Panhard-Levassor,  9. 

axle,  steering,  48. 

carriage,    35.    48.    87,    413,    455,    466, 
468,  474,  484,  486-492. 

change-speed  gear,  466,  466-458. 

euffines,  489. 

light  car,  36. 

reversing  gear,  466,  457. 

steering  connections,  48. 
Parallel  circuit,  543,  566. 
Peerless  carriage,  114,  525-680. 
l»eugeot,  9,   487;   491. 

carburetter,  412. 

carriages,  412,  481,  487,  491. 

governor,  481. 
Piston  air  valve,  477,  478-480. 

gas   engine,    333,    336,    340,    341,    342- 
343. 

steam  engine,  263,  267.  269.  276.  278- 
277,  279,  284,  293,  302.  303,  306,   307, 
313. 
Pneumatic  tires,  effects  of,  84-86. 

experiments,    Duryea,    135-139. 

TiUinghast,  124,  126. 
Poppet  valves  for  gas  engines,  383,  3S9. 

Pressure,   of  steam,   262-265,   266-268.    270 

271.  272,   275,  286. 
Pretot  carriage,  58. 
Pump  air  feed.   227-231. 

for  gasoline   fuel,   256-258. 
fuel  feed,  221-224. 
Pumps,    boiler  feed,   214-217,   221-224,    227- 

231. 
Punctured    pneumatic    tires,    122-124. 

Radius  rods.  82,  83.  87. 
Reading  steam  carriage,  66,  146,  174,  304, 
§06-309. 

underframe,   65. 
Regulators,   fuel   feed,   236,   238,   239,   240, 
241-244.   246,   247.   250.   262,  253. 

Thermostat,  206,   207.  218. 

water  level,  for  boilers,  217-221. 
Resiliency  of  pneumatic  tires.  184-1S9. 
Reversing  gear,  Daimler,  468-469. 

Darracq.   454-455. 

De  Dlon-Bouton,  473. 

Duryea,  467,  468,  470-471. 
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Reversing  gear  (cnnUnued). 

Haynes-Apperson,  464,  466. 

Montauban-Marchandier,     459.     460- 
461. 

Panhard-LevaBsor,  466,  467. 

Wlnton,  462,  463. 
Rlker  axle,  steering,  42. 

carriage,  32,  42,  69. 

differential  gear,  32. 

underframe,  69. 
Rods,  distance  or  radius,  82,  83,  87. 
Roller  bearings,  697,  698. 

conditions   of   using,   600-601. 

constructional  points  on,  601-602. 
Rowe  tube  for  flash  boilers,  209,  211. 

Safety  valves,  161,  163-165. 
Scavenging  cylinder,  374-377. 

stroke    284 
Self-propelled   fire  engines,  326-829. 
Separators,  steam,  171-172. 
Series  circuit,   643,  566. 
Serpollet,  Leon,  9,  332. 

engine  and   carriage,  302-306. 

Hash  generator,  9,  200-203,  209,  382. 

water  feed  svstem,  221-224. 
Shunt  dynamos,  551,  552. 
Side  slipping,  616-618. 
Slide   valve,    steam    engine,   276,   277-279, 
280.   2S2,   283,   285,   287,   290,   295,   302,   303, 
304,  306,   307,   308,   309,   311,   312,   313,   314, 
320,  322,  324,  325. 
Speed-chnnglng    devices,     320,    323,     360, 
451-473. 

belt  and   pulley,  462-466. 

clutch,  466-478. 

Daimler,  462-454,  468-469,  492. 

De  Dlon-Bouton,  471-473. 

Dldler,   461-463. 

Duryea,  466-471. 

Fouillarion,  453. 

Haynes-Apperson,  464-466. 

meshing  gear,  460-466. 

Montauban-Marchandler,     469,     460 
461. 

Panhard-Levassor,   455,    456-468. 

principles   of,    451-452,    453,    454,    456, 
460. 

shifting  gear,  455-459. 

Wlnton,  462,  463. 
Slmms  gas  engine,  368. 
Springs,  80-93. 

attachments  for,  88-89. 

construction  of,  89-91. 

dimensions  of.  83-84,  86-87. 

formulae  for,  91,  92. 

general  theory  of.  80-81. 

suspension  of,  82-83. 
Stanley  underframe,  64. 
Starting  a  gas  engine,  method  of,  334. 
Steam  and  air  gauge,  162. 
Stenm     boilers,     advantages     of     water 
tube,  176-183. 

attachments  of,  155-166. 

blow  off  cock,  154. 

circulation  in  water  tube,  177,  179, 
180,   182,  184,"  186.   188.   189,   197,  198. 

computing  capacity  of,   150. 

excessive  pressure  In,   161-163. 

feeders  for,  212-231. 

feed  pump,  611-612. 

Are  flue  of,  166-175. 

"flash  boiler,"  200-211. 

heating  surface  of,    166-168. 

power  capacity  of,  148-149. 


Steam  boUera  (continued), 

rapid  generation  of  steam  In,  151, 
152. 

riveting  plates  of,  163. 

sectional   construction   In,   178,   182. 

securing  flues  of,  153. 

steel  or  copper  flue,  168-171. 

theory  and  construction  of,  147-164. 

Thornycroft,  190-193. 

water  glass  of.  609. 

water  tube,  176-199. 

varieties  of,   164,   181,  183-199. 
Steam  carriage,  204-206,  ^-227,  268. 

Church's,  16-18. 

Cotta,  66-68. 

Cugnot's,  718,  21.    • 

De  Dion,   181,   194-196. 

Geneva,  186-187. 

Gurney's,  10-13. 

Hancock's,  13-16. 

James',  17. 

Lane,  176. 

"Locomobile,"    64,    157,    166-168,    174, 
287,  288,  289-292. 

McKay,  66,  173,  212,  316-320. 

Milwaukee,  174,  176. 

Reading,  &,  146,  174,  304,  306-309. 

Stearns,  78,  92.  311-316. 

Serpollet,   200-203,   221-224,   302-306. 

Sterling,   184-186. 

Toledo,  178,  187,  188,  292-294. 

Trevlthlck's,  9-10. 

Valee    183. 

Victor,   166.   172-173,   175,   218-219,   227- 
229,   295-298. 
Steam  cylinder,  relief  cocks  of,  609. 

wearing  out  of  valves,  610. 
Steam   engine,   compound,   611. 

cut  off,  269.  270,  283,  284-285. 

varying  point  of,  285,  297,  309, 
310,    311.   317. 

cycle  of,  268-271. 

estimating  horse-power,   272-276.  • 

indicator,  264,  265. 

reading  of  cards,  265,  268-271,  272. 

mean  effective  pressure,  275. 

operation  of,  276-286. 

operative  cycle  of,  268,  269,  270,  271, 
272,  276. 

piston.  263,  267.  269,  275,  276-277,  273, 

284,  293,  302,  303.  305,  307,  313. 
slide  valve,  276.  277-279,  280.  282.  2S3, 

285,  287,  290,  292,  295,  302,  303.  304. 
305,  307,  208,  309,  311,  312,  313,  3i4, 
320,  322,  324.  325. 

theory  of,  259-275. 
Steam  compared  to  other  gases,  259260. 
expansion    of,    262-265,    268,    270,    271, 

m,   283-285.   286. 
forms  of,  261-262. 
gauge,  159-161. 
generation   of,   260. 
indicator    cards,    263.    264,    265,    268- 

271. 
pressure  of,  262-265,  266-268,  270,  271, 

272,  275,  286. 
pressure   and   temperature   of,   265- 

268,  2n,  275. 
pressure  ond  volume  of,  262-266. 
separators,  171-172,  260. 
temperature  of,  260,  261-262,  265-267, 

valve,   lap  and  lead  of,  277-279,  281, 
282,  283,  285. 
Stearns  steam  carriage,  78.  92,  311-316. 
Steering,  angles  of,  46,  47,  52,  53. 
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Steering  gear,  Bolee,  53. 

Clarkson-Capel,  52. 

Cotta,  57. 

De  Dion,  60,  89. 

Duryea  tliree-wlieeler,  38,  75-76. 

Oobrou-Briliie,   51. 

Hurtu,  55. 

Knox,   75. 

Pantiard,  48. 

rear  wlieei,  58. 

Tliornycroft,  49. 
Stephenson  link  motion,  279-283,  286,  290. 

m,  295,  299,  317,   323. 
St.  Louis  carriage,  518-521. 

gasoline  engine,  519,  520. 
Storage  batteries,  537,  577-589. 

electrolyte,  684-587. 

*'formation"  of,  580-582. 

Gould.  581,  583,  586,  588. 

invention  of,  578. 

period  of  charging,  587,  589. 

Plante.  580-582. 

principles  of,  577-579. 

requirements  in,  580. 

Tarieties  on  582. 
Stuffing  box,  leaky,  610. 

Temperature  of  steam,   260,  261-262,   265- 

267,  271. 
Thorny  croft,  John  I.,  104. 
Thoruycroft  compound  engine,  319,  322. 

differential  gear,  33. 

driving  axle,  33. 

jointed  countershaft,  93. 

road  wagon  and  engine,   320-323. 

spring  road   wheels,   103,   104. 

steam  boiler,  190-193. 

steering  gear,  49. 

wagon   underframe,   77. 
Three-wheeler,   Duryea,  70,  73,  74,  75-76, 

521. 
Tillinghast,  P.  W.,  124,  129. 
TlUinghast  latest  improved  tire,  125. 

pneumatic  tire,  124-126. 

single   tube,   124-126. 
Tires,  pneumatic,  advantages  of,  112-117. 

attachments  for  double   tube,    139- 
140 

Bailey.  115. 

B.  &  P.,  117. 

care  and  repair  of,   129-132. 

construction   of,   119-122. 

creeping  of,  127-129. 

Dunlop,   120,   128,   141. 

effects  of.  84-86. 

G.  &  J.,  119.  139140. 

Goodyear,  122,  141-142. 

grappler,  121. 

Mlchelln.  118.  139,  140. 

Hunger,  123,  142. 

on  bicycles,  85.  86. 

opinions  on.    113-114,   114-116,   120-121, 
124-125.    135-139. 

proportions  of,  132-134. 

puncture,  122-124. 

resiliency  of,  134-139. 

single  tube.    124-127. 

Tlinnghast,  124-126. 

use  and  effect  of,  112-145. 
Tires,  solid  rubber,  attaching,  107,  111. 


comparison    with    pneumatics.   106, 

109. 
durability    of.    109.    110. 
merits  of,    106-108. 
opinions     on.     105.   107,    106,    108-109. 

109-110. 
reducing  vibration,  105. 
structure  of,  110.  111. 
varieties  of.  107,  108.   109. 
Torch,  burner  igniting,  242,  245,  247.  249- 

252. 
Trevlthick*s  steam  carriage.   9-10. 
Try-cocks,  155,  157. 

Underframes,  62-79. 
angle  iron,  68. 
De  Dion,  67. 
Duryea,  70. 
flexibility  in,  64.   66,   66,    68,    69,   70. 

73.   78.   79. 
Knox,   72. 
McKay,   66. 
Reading,  65. 
Riker,    69. 

requirements  in.  62. 
Stanley,  64. 
three-wheeled,  73-79. 
tubular,   63. 

Valve,  automatic,  224-227. 

by-pass.  214-216,  21 ;,  218. 

lap  and  lead  of  steam,  277-279,  2S1, 

m,  283,   285. 
poppet,    for   gas   engines.    3SS.    3 J). 

3r40 

••pop''  safety.  163.  165. 

rule  for  pressure  in   safety,    164. 

safety,  161,  163-165. 
Vaporizers  for  fuel,  249-256. 
VI<'tor   steam    carriage,    166,   172-173,    175, 

218-219,   227-239,   295-2%. 
Volatile   fuels,   7,   232-235,   239,   240. 

vaporizing  and  burning  of.  234,  2S1, 
236-237,   239  240,  246,  247-249. 
Volt,  The,  542  543. 

Water    jacket,     non-freezing    solutions 

for,   620. 
Watt.  The.  545. 
Wheels,  construction  of.  94,  96. 

dimensions  of,  96-96. 

dishing  in.  96,  96. 

double  interacting.  143-146. 

driving  on  all  four.  64-61. 

driving  on  front,  65-67. 

for  automobiles,  94-104. 

••Lifu"  steam  truck,  110. 

locomotive,  construction  of,  44-46. 

motor,  23. 

on  using  large,  101-104. 

requirements  in,  94. 

steering  on  rear.  58,  69. 

Thornycroft  spring,  lOS-104. 

tubular  steel,  102. 
Winton  carriage,  61,  462,  463,  518-518. 

gas  engine,  513. 

speed-changing  device,  462,  46S» 

pneumatic  governor,  &14-616. 

reversing  gear,  462,  463. 
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